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ABSTRACT

Root cutting is speculated able to increase nutrient uptake by oil palm. The objective of this
study was to investigate the effect of root trimming on the growth, flowering, and yield of oil
palm. The research focused on oil palm plants aged five years old in the field. The experiment
used a nested design with two key factors: root-cutting depth as the main plot and root-
pruning intensity as the subplot. Results showed that root cutting at a depth of 0 to 20 cm
from the soil surface followed by cutting intensities of 50% and 75% enhanced plant height
at 0, 3, and 9 months after treatment. The treatments did not affect other variables including
flowering and yield of oil palm trees.
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INTRODUCTION

0il palm (Elaeis guineensis Jacq.) stands as an important commodity in Indonesia's
economy. According to GAPKI data (2020), Indonesia emerged as the leading global
producer of palm oil with production exceeding 51 million tons in 2019, comprising 47
million tons of Crude Palm Oil (CPO) and 4 million tons of Kernel Palm 0il (KPO). Despite
Indonesia's vast planting area of 14 million hectares compared to Malaysia's 5.9 million
hectares, Indonesia's palm oil productivity, at 3.40 tons per hectare, remains slightly
lower than that of Malaysia, which stands at 3.81 tons per hectare (GAPKI, 2020; Parveez
etal, 2021). Therefore, increasing oil palm productivity is important in Indonesia.

Oil palm trees start to produce fruit at 3 to 4 years after planting, and continue for 20
to 25 years. Fresh fruit bunch production increases gradually and reaches the maximum
at 12 years after production before gradually declining and rejuvenation by replanting.
Annually, Indonesia possesses 2.78 million hectares of oil palm land as potential for
replanting due to declining productivity (Nambiappan et al., 2018).

It is speculated that one of the factors affecting low oil palm productivity is the
effectiveness of nutrient uptake by roots. To address challenges associated with
inadequate nutrient uptake, modifying root morphology emerges as a potential
improvement. Root systems significantly influence oil palm nutrient absorption,

April 2024

38


https://dx.doi.org/10.24831/jai.v52i1.48160

Wahyudin et al. / Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 52(1), 38-44 39

encompassing root morphology, growth rate, and nutrient uptake capacity, along with
chemical interactions with soil and water availability (Jourdan & Rey, 1997). Root density,
root length, the presence of root hairs, and root tips are pivotal in water and nutrient
absorption (Moelyohadi, 2015), with root density being particularly influential under
favorable nutrient conditions.

In general, oil palm as a monocotyle, has a spherical rooting system underground that
could be a limiting factor on nutrient absorption. Higher root density and root surface
increase could increase the nutrient uptake zone. Root cutting or trimming is a traditional
method in arboriculture that is able to stimulate new root branching in various plants,
including peas (Cazenave et al., 2014) and citrus (Budiarto et al., 2019). Nevertheless, its
study in industrial commodities like oil palm remains limited. Hence, this study aimed to
investigate the effect of root trimming on the growth, flowering, and yield of oil palm.

MATERIALS AND METHODS

The research was conducted from January to October 2022 in Teluk Merbau Village,
Dayun District, Siak Regency, Sri Indrapura - Riau. The study involved oil palm trees aged
5 years old in the field. It employed a nested plot design with two factors. The first factor,
serving as the main plot, focused on root cutting depth, comprising two levels: 10 cm and
20 cm from the soil surface. The second factor pertained to the intensity of root pruning
as the subplot, including levels of 25%, 50%, and 75%. Each level was combined to create
six combinations, with additional untreated controls. Each treatment was replicated four
times, resulting in 28 experimental units. Each unit consisted of 5 plants, totaling 140
plants. Root cutting was performed at 0, 3, and 9 months on selected trees as samples
under uniform plant conditions.

Cutting depth and cutting intensity were made by digging the soil around the base of
the oil palm tree (called inside circle or piringan in Indonesian). The distance of the hole
to the tree base was 1.5 m; the total circumference was 9.43 m. The hole depth called
cutting depth was 10 cm and 20 cm with similar width, i.e., 20 cm. The cutting intensity
was the length of the hole along the circumference. Cutting intensity was setted 25%, 50%,
and 75% representing the hole length about %, %, and 3 of circumference, respectively.
Control intensity was no hole. Cutting root was repeated three times, i.e., 0 (first cutting),
3, and 9 months after first cutting. At the second and third cutting, all available roots at
similar holes were removed. The hole was maintained open during the experiment.

The observed variables included plant height, stem diameter and circumference,
number of flowers and fruits, and weight of fruit bunches. Plant height was measured
using a Haga meter from the soil surface to the base of the 17t frond. Height
measurements were conducted at the time of the first root cutting, 3, and 6 months after
the first root cutting. Plant diameter and stem circumference were measured using a tape
at the base of the stem. The number of flowers and bunches, as well as the weight of fruit
bunches, were observed at intervals of two weeks for 8 months from the first root cutting.

Data were analyzed with a two-way analysis of variance. The significant differences
in values among the treatments were determined by the Duncan multiple range test
(DMRT) at a probability level of 5%. Statistical analyses of data were performed by SAS.

RESULTS AND DISCUSSION

Table 1 shows that root-cutting treatment had no significant effect on root
distribution, both on primary roots, secondary roots, and tertiary roots. Meanwhile,
according to research by Khoiri et al. (2018), root pruning at an intensity of 25%, 50%,
and 75% had no significant effect on the distribution of secondary roots. Root cutting with
an intensity of 75% in the present study reduced the number of all primary, secondary,
and tertiary roots. It is probable that 75% of root pruning intensity restricted the growing
of new primary roots. Pradiko et al. (2016) stated that the distribution of roots in oil palm
plants is heavily influenced by the physical and chemical properties of the soil. These
physical and chemical properties are influenced by tillage and cultivation systems.
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Table 1. The number of primary, secondary, and tertiary roots in the treatment of cutting roots in oil palm.
Root cutting Primary root Secondary root Tertiary root
0 month 9th month 0 month 9th month 0 month 9th month
Depth 10 cm intensity 25% 0.117a 0.093a 0.036a 0.028a 0.014a 0.011a
Depth 10 cm intensity 50% 0.076a 0.050a 0.013a 0.009a 0.005a 0.003a
Depth 10 cm intensity 75% 0.099a 0.057a 0.033a 0.019a 0.013a 0.007a
Depth 20 cm intensity 25% 0.079a 0.063a 0.028a 0.023a 0.011a 0.009a
Depth 20 cm intensity 50% 0.085a 0.056a 0.042a 0.028a 0.016a 0.011a
Depth 20 cm intensity 75% 0.056a 0.032a 0.010a 0.006a 0.004a 0.002a

Note: Value in columns followed by the same letter is not significantly different in the 5% Duncan level test.

Table 2 shows that root-cutting treatments do not affect tree height at 3 months after
cutting, but affect at 9 months after first cutting treatment. Relative to control, cutting at a
depth of 20 cm followed by cutting intensities by 50% and 75% demonstrated a significant
effect. However, both treatments were not significantly different to the depth of 10 cm
with a cutting intensity of 75%. This suggests that the depth and intensity of root cutting
play a crucial role in regulating plant growth. This is attributed to the stimulation of new
root growth resulting from cutting. It is probable that cutting treatments might affect the
production of growth hormone; such speculation needs further research.

Table 2. Changing in tree height of oil palm from different cutting root treatments.

Increasing plant height (cm)*

Root cutting 3rd month 9t month
Control 7.23a 60.22b
Depth 10 cm intensity 25% 6.67a 60.98b
Depth 10 cm intensity 50% 7.34a 61.90b

Depth 10 cm intensity 75% 7.25a 65.00ab
Depth 20 cm intensity 25% 6.75a 58.76b
Depth 20 cm intensity 50% 6.75a 70.11a
Depth 20 cm intensity 75% 7.25a 70.10a

Note: The numbers of a column followed by the same letter are not significantly different in the 5%
Duncan level test. * = relative to 0 month.

Root cutting is able to increase the growth rate of diameter at breast height (DBH),
plant height, and volume to the highest level (Table 3). This root cutting depends on the
distance from the stem which significantly affects the physicochemical properties and
microbial activity in the rhizosphere soil (Louk & Raharjo, 2017). Poni etal. (1992) carried
out research using pot trials for apple, grape, peach, and pear plants that were involved in
root cutting; root cutting slows shoot growth in all species except peaches (20%, 30%, and
40% less than controls on grapes, pears, and apples respectively). Stressed plants and
newly pruned root development typically have lower levels than controls (on average
25%). Plant growth is identical to control growth 50 days after root cutting. This
demonstrated how well plants can adapt to changing environments via their roots.

Table 3 indicates no significant difference among root cutting treatments on stem
diameter at 3 months and 9 months after treatment. This phenomenon may be attributed
to various factors. Firstly, the duration of the study might have been insufficient to detect
substantial variations in stem diameter across treatment groups. Secondly, the plants
under investigation could have exhibited minimal genetic variability, leading to uniform
responses to the treatment. Finally, the plants' robust regenerative capabilities might have
facilitated swift recovery from root cutting, resulting in negligible discrepancies in stem
diameter alterations.
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Table 3. Increase of stem diameter of oil palm from different root-cutting treatments

Increase of stem diameter (cm)*

Root cutting 3rd month 9th month

Control 0.83a 2.23a
Depth 10 cm intensity 25% 0.88a 2.08a
Depth 10 cm intensity 50% 0.85a 2.85a
Depth 10 cm intensity 75% 0.85a 2.85a
Depth 20 cm intensity 25% 0.76a 2.76a
Depth 20 cm intensity 50% 0.77a 2.77a
Depth 20 cm intensity 75% 0.77a 2.77a

Note: The numbers of a column followed by the same lowercase letter are not significantly different
in the 5% Duncan level test. * = relative to 0 month.

The diameter of oil palm stems increases with increasing age, directly impacting crop
production (Yudistina et al., 2017). In pine seedlings, chemical root pruning influences
height, diameter, shoot, and root biomass, as well as quality index (Uthbah et al., 2017).
Additionally, root cutting can induce drought stress due to disruption in nutrient and
water absorption, ultimately hindering stem and shoot diameter growth in plants
(Yudistina et al., 2017; Fini et al., 2015). Nevertheless, root cutting significantly increases
shoot dry weight by 22%, and the ratio of stem diameter to plant height by 13% compared
to unpruned plants (Hedde et al., 2007). The number of oil palm inflorescence in the
present study was not significantly different in male, female, and hermaphrodite
inflorescences (Figure 1).
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Figure 1. Number of oil palm flowers at 10 months after root cutting: (a) number of female inflorescence; (b)

number male inflorescence; (c) number of flower bud; (d) sex ratio female to male inflorescences.
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The research finding is in line with the research by Khoiri et al. (2018). Root cutting
at an intensity of 25%, 50%, and 75% has no significant effect on the number of flowers
of both male and female inflorescences. In the present study, male flowers appeared at
certain months. It is speculated that root cutting stimulates water stress on oil palms.
Drought stress in oil palms can be characterized by the appearance of many male flowers
(Darlan et al., 2016). The sex ratio of female to male inflorescences was interesting in the
present study (Figure 1d). Sex ratio affects the production of fresh fruit bunches (Haniff
et al,, 2014). The sex ratio is related to the availability of the number of male flowers to
pollinate the female flowers.

Table 4. Weight of fruit bunches of oil palm from different cutting root treatments.

Weight of fruit bunches (kg) per harvest

Root cutting 0 month 1st month 2nd month 3rd month 4% month
Control 20.95b 19.16b 19.16a 16.08a 22.11a
Depth 10 cm intensity 25% 20.93b 23.83a 20.01a 24.66a 23.93a
Depth 10 cm intensity 50% 16.41b 25.01a 22.46a 22.50a 23.16a
Depth 10 cm intensity 75% 16.33b 25.66a 17.61a 11.16b 17.83ab
Depth 20 cm intensity 25% 15.71b 25.50a 19.37a 21.16a 13.38b
Depth 20 cm intensity 50% 17.66b 25.08a 24.99a 19.33a 23.33a
Depth 20 cm intensity 75% 31.26a 23.33a 25.88a 15.83a 30.02a
5t month 6% month 7t month 8t month 9th month
Control 13.83a 23.01a 12.91a 23.33a 24.41a
Depth 10 cm intensity 25% 19.83a 19.98a 25.75a 20.41a 19.66a
Depth 10 cm intensity 50% 19.13a 18.75a 23.16a 28.83a 26.01a
Depth 10 cm intensity 75% 14.88a 18.91a 24.66a 27.66a 24.16a
Depth 20 cm intensity 25% 15.39a 16.75a 25.15a 29.51a 23.41a
Depth 20 cm intensity 50% 21.75a 21.16a 24.21a 11.36b 24.41a
Depth 20 cm intensity 75% 15.91a 23.58a 18.16a 22.58a 23.33a

Note: The numbers of a column followed by the same letter are not significantly different in the 5% Duncan level test.

Table 5. Number of fruit bunches of oil palm from different root-cutting treatments.

Root cutting

Number of fruit bunches per plant
0M 1stM 2ndM  3dM  4thM  5t'M 6thM 7t M 8 M 9th M

Control
Depth 10 cm inten
Depth 10 cm inten
Depth 10 cm inten
Depth 20 cm inten
Depth 20 cm inten
Depth 20 cm inten

2.0a 2.0a 2.0a 2.0a 2.0a 2.0a 2.0a 1.0a 2.0a 2.0a

.25% 2.0a 2.0a 2.0a 2.0a 2.0a 2.0a 2.0a 1.0a 2.0a 2.0a
.50% 2.0a 1.0a 2.0a 2.0a 2.0a 2.0a 2.0a 1.0a 2.0a 1.0a
.75% 2.0a 2.0a 1.0a 1.0a 2.0a 2.0a 2.0a 2.0a 2.0a 2.0a
.25% 2.0a 2.0a 1.0a 2.0a 2.0a 1.0a 2.0a 2.0a 2.0a 1.0a
.50% 2.0a 1.0a 2.0a 2.0a 2.0a 2.0a 2.0a 2.0a 2.0a 2.0a
.75% 2.0a 1.0a 2.0a 2.0a 2.0a 2.0a 2.0a 2.0a 2.0a 2.0a

Note: The numbers of a column followed by the same letter are not significantly different in the 5% Duncan level test.

Table 4 shows that in general, the weight of the fruit bunches did not have a
significant effect on the root cutting treatment. The difference in weight only occurs in
certain months, namely in the 1st, 2nd, 4th 5th, and 9th months. It is suspected that this
difference is influenced by other factors such as nutrient availability conditions
pollination factors and others. In addition, the root-cutting treatment also had no
significant effect on the number of fruit bunches (Table 5). In general, root cutting induces
the growth of new roots which have the potential to increase production increasing
absorption of water and nutrients in the soil (Sterckeman et al.,, 2015). In some types of
plants, root cutting is effective in increasing crop production, such as legumes (Carrillo et
al. 2011). Increased production of oil palm is much influenced by the shape of the canopy
and available nutrient conditions. This is because the condition of the plant canopy plays
an important role in the process of photosynthesis, while the root factor plays an
important role in the uptake of water and nutrients. So the canopy arrangement also needs
to be considered in order to increase the amount of plant production (Gromikora et al.,
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2014). In addition to increasing production factors in oil palm plants root management is
the third priority after crown and stem management (Kheong et al,, 2012). So the plant
production factors in oil palm are mostly controlled by the management of the upper
organs of the plant compared to the management of the lower organs of the plant (Rahman
etal, 2019).

CONCLUSIONS

Root cutting significantly stimulated plant height. Oil palm trees significantly had
taller stems under treatment of root cutting at a depth of 20 cm and cutting intensity by
50% to 75% than other treatments. On the other hand, the treatments had no effect
significantly on growth variables and flowering characteristics. Variations in fruit weight
were observed, however, the effect of treatment was not consistent with the significant
effect observed only in the 1st, 4th, 5t and 9t months after particular treatments.

ACKNOWLEDGEMENTS

The authors thank the Indonesian Endowment Fund for Education (LPDP), Ministry
of Finance Republic of Indonesia for financial support in FY 2019.

REFERENCES

Budiarto, R., Poerwanto, R., Santosa, E., & Efendi, D. (2019). A review of root pruning to regulate citrus growth.
Journal of Tropical Crop Science, 6(1), 1-7.

Carrillo, Y., Jordan, C. F., Jacobsen, K. L., Mitchell, K. G., & Raber, P. (2011). Shoot pruning of a hedgerow perennial
legume alters the availability and temporal dynamics of root-derived nitrogen in a subtropical setting. Plant
and Soil, 345, 59-68. https://doi.org/10.1007/s11104-011-0760-8

Cazenave, A. B,, Salon, C,, Jeudy, C., Duc, G., & Voisin, A. S. (2014). N2 fixation of pea hypernodulating mutants is more
tolerant to root cutting than that of wild type. Plant and Soil, 378, 397-412. https://doi.org/10.1007 /s11104-
014-2039-3

Darlan, N. H., Pradiko, I. W., & Siregar, H. (2016). Effect of el nifio 2015 on oil palm performance in Central and
Southern Sumatera. (In Indonesian.). Jurnal Tanah dan Iklim, 40(2), 113-120.

Fini, A,, Frangi, P., Faoro, M., Piatti, R.,, Amoroso, G., & Ferrini, F. (2015). Effects of different pruning methods on an
urban tree species: a four-year-experiment scaling down from the whole tree to the chloroplasts. Urban
Forestry and Urban Greening, 14(3), 664-674. https://doi.org/10.1016/j.ufug.2015.06.011

GAPKI. (2020). Performance of the Indonesian palm oil industry in 2019. GAPKI (The Indonesian Palm Oil
Association)

Gromikora, N., Yahya, S., & Suwarto. (2014). Growth and production modeling of oil palm at different levels of frond
pruning. Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 42(3), 228-235.

Haniff, M. H., Zuraidah, Y., & Roslan, M. M. N. (2014). Oil palm root study at a northern region in peninsula Malaysia.
International Journal of Agriculture Innovation and Research, 3(3), 797-801.

Hedde, M. Aubert, M. Bureau, F., Margerie, P, & Decaens, T. (2007). Soil detritivore macro-invertebrate
assemblages throughout a managed beech rotation. Annals of Forest Science, 64, 219-228.
https://doi.org/10.1051 /forest:2006106

Jourdan, C., & Rey, H. (1997). Modelling and simulation of the architecture and development of the oil-palm (Elaeis
guineensis Jacq.) root system. Plant and Soil, 190(2), 217-233. https://doi.org/10.1023/A:1004218030608

Kheong, L. V., Rahman, Z. A., Musa, M., & Hussein, A. (2012). Effects of severing oil palm roots on leaf nutrient levels
and P uptake. Journal of Oil Palm Research, 24(2), 1343-1348.

Khoiri, M. A, Hamdani, ]. S., Suherman, C., & Ruminta. (2018). Effects of root pruning and frond quantity on the
growth of roots and flowers of oil palm (Elaeis guineensis Jacq). In F. R. Indaryanto et al. (Eds.). Proceedings of
the National Seminar Field of Agricultural Sciences BKS - Western National Universities (pp. 363-373). Faculty
of Agriculture, Sultan Ageng Tirtayasa University.

Louk, M., & Raharjo, K. T. P. (2017). The effect of root pruning and weaning time on the growth of seedling of
candlenut  (Aleurites  moluccana  Willd) for  stump. Savana  Cendana, 2(2), 19-22.
https://doi.org/10.32938/sc.v2i01.79

Moelyohadi, Y. (2015). The growth response of roots and canopies of several corn genotypes (Zea mays L.) under
low nutrient supply conditions using hydroponic cultivation method. (In Indonesian.). Klorofil, 10(1), 36-42.


https://doi.org/10.1007/s11104-011-0760-8
https://doi.org/10.1007/s11104-014-2039-3
https://doi.org/10.1007/s11104-014-2039-3
https://doi.org/10.1016/j.ufug.2015.06.011
https://doi.org/10.1051/forest:2006106
https://doi.org/10.1023/A:1004218030608
https://doi.org/10.32938/sc.v2i01.79

Wahyudin et al. / Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 52(1), 38-44 44

Nambiappan, B., Ismail, A., Hashim, N., Ismail, N., Shahari, D.N,, Idris, N. A. N., Omar, N., Salleh, K.M., Hassan, N. A. M.,
& Kushairi, A. (2018). Malaysia: 100 years of resilient palm oil economic performance. Journal of Oil Palm
Research, 30(1), 13-25. https://doi.org/10.21894 /jopr.2018.0014

Parveez, G. K. A, Tarmizi, A. H. A,, Sundram, S., Loh, S. K,, Ong-Abdullah, M., Palam, K. D. P., Salleh, K. M., Ishak, S. M,,
& Idris, Z. (2021). Oil palm economic performance in malaysia and R&D progress in 2020. Journal of Oil Palm
Research, 33(2), 181-214. https://doi.org/10.21894 /jopr.2021.0026

Poni, S., Tagliavini, M., Neri, D., Scudellari, D., & Toselli, M. (1992). Influence of root cutting and water stress on
growth and physiological factors of potted apple, grape, peach and pear trees. Scientia Horticulturae, 52(3),
223-236. https://doi.org/10.1016/0304-4238(92)90023-6

Pradiko, I, Hidayat, F., Darlan, N. H., Santoso, H., Winarna, W., Rahutomo, S., & Sutarta, E. S. (2016). Root distribution
of oil palm and soil physical properties in different planting hole and empty fruit bunches application. (In
Indonesia.). Jurnal Penelitian Kelapa Sawit, 24(1), 23-38.

Rahman, N., Bruun, T. B,, Giller, K. E., Magid, J., van de Ven, G. W. ]., & de Neergaard, A. (2019). Soil greenhouse gas
emissions from inorganic fertilizers and recycled oil palm waste products from indonesian oil palm
plantations. GCB Bioenergy, 11(9), 1056-1074. https://doi.org/10.1111/gcbb.12618

Sterckeman, T., Goderniaux, M,, Sirguey, C., Cornuy, J. Y., & Nguyen, C. (2015). Do roots or shoots control cadmium
accumulation in the hyperaccumulator Noccaea caerulescens?. Plant and Soil, 392, 87-99.
https://doi.org/10.1007/s11104-015-2449-x

Uthbah, Z., Eming, S., & Yani, D. (2017). Analysis of biomass and carbon reserves at various ages of damar (4gathis
dammara (Lamb.) Rich.) stands in the Eastern Banyumas forest management unit. (In Indonesian.). Scripta
Biologica, 4(2), 119. https://doi.org/10.20884/1.sb.2017.4.2.404

Yudistina, V., Santoso, M., & Aini, N. (2017). Relationship between stem diameter and plant age on the growth and
yield of oil palm plants. (In Indonesian.). Buana Sains, 17(1), 43-48. https://doi.org/10.33366/bs.v17i1.577

Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s)
and contributor(s) and not of the publisher(s) and/or the editor(s).

Copyright: © 2024 by the authors. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.21894/jopr.2018.0014
https://doi.org/10.21894/jopr.2021.0026
https://doi.org/10.1016/0304-4238(92)90023-6
https://doi.org/10.1111/gcbb.12618
https://doi.org/10.1007/s11104-015-2449-x
https://doi.org/10.20884/1.sb.2017.4.2.404
https://doi.org/10.33366/bs.v17i1.577

