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By 
 

TAUFIQ CAESAR HIDAYAT 
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Chairman :  Siti Hajar Ahmad, Ph.D 
Faculty :  Agriculture 
 
 
Drought promotes water stress on oil palm seedlings in the main nursery or 
field. Biochar (BC) could improve soil moisture retention while paclobutrazol 
(PBZ) could protect plants against water stress during drought period. There is 
a lack of information on utilization of PBZ and BC and their rates on growth of 
oil palm seedlings. Experiment 1 was conducted to determine effect of BC and 
PBZ on growth of oil palm seedlings in main-nursery at the IOPRI Marihat 
substation, Indonesia. Three months olds DxP-Simalungun seedlings from pre-
nursery were transplanted into polybags filled with soil containing 0, 50 or 100 
g BC. After 3 months, seedlings were treated with 95% PBZ at 0, 100, 200 and 
300 mg/seedling. At harvest, seedling height, rachis length and frond number 
were measured monthly. Leaf area, dry shoot and dry root weight, gibberellin 
(GA) contents and PBZ residue were measured at 12 months. Combination of 
BC and PBZ increased seedling high significantly by seedling ages, but the 
rate of increment was not as high as compared to treatment of BC alone. 
Seedling height increased gradually at 6 to 9 months, followed by a rapid 
increase from 9 to 12 months. Combination of 50 g BC + 100 mg PBZ 
produced desired seedling height of 120 cm. PBZ decreased rachis length after 
it was applied, the effect was reversed over time. The combination of BC and 
PBZ showed a synergistic effect, promoting or reducing root dry weight. The 50 
g BC + 100 mg PBZ promoted seedling dry root weight. BC at 50 g/seedling 
combined with PBZ at 200-300 mg/seedling decreased root dry weight. GA 
contents decreased as PBZ application rates were increased. PBZ had a 
reversed effect on GA.  The 50 g BC + 100 mg PBZ combination was selected 
for Experiment 2.    
 
Experiment 2 was conducted to determine the effect of water stress on growth 
performances of oil palm seedling transplants from selected BC and PBZ 
treatments under simulated field condition. Twelve months old seedlings with 
50 g BC + 100 mg PBZ and control were transplanted into polybags. Then, the 
seedlings were placed under a rain-shelter and exposed to three water stress 
treatments: 50, 75 and 100 of field capacity (FC). Seedling height, leaf area, 
leaf chlorophyll contents, photosynthetic and transpiration rates, shoot and root 
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dry weights and leaf proline contents were determined on 13, 14 15 and 16 
months old seedlings. The 50 g BC + 100 mg PBZ treated seedlings had 
smaller leaf area, increasing chlorophyll contents, increased photosynthesis 
and stimulated transpiration rate compared to control seedlings. Higher proline 
contents of control seedlings indicated seedlings stress compared to those of 
treated seedlings.  
 
In conclusion, BC produced better seedlings condition while PBZ retards 
seedling growth by blocking GA synthesis, thus producing compact seedlings. 
Compact seedlings were easy to maintain and transplant, requiring less 
transportation space. Thus, it recommended applying seedling with 50 g of BC 
and 100 mg PBZ per seedling to make it compact and prevent it from drought 
in the field. 
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TAUFIQ CAESAR HIDAYAT 
 

September 2015 
 
 

Pengerusi :  Siti Hajar Binti Ahmad, Ph.D 
Faculti :  Pertanian 
 
 
Kemarau menyebabkan tekanan air terhadap anak pokok kelapa sawit  di 
nurseri utama atau di lapangan. Biochar (BC) didapati mampu mengekalkan 
kelembapan tanah sementara, paklobutrazol (PBZ) dapat melindungi tumbuh-
tumbuhan daripada tekanan air semasa tempoh kemarau. Terdapat 
kekurangan maklumat mengenai penggunaan PBZ dan BC dan kadarnya  
terhadap pertumbuhan anak benih kelapa sawit. Eksperimen pertama telah 
dijalankan untuk menentukan kesan BC dan PBZ kepada pertumbuhan anak 
benih kelapa sawit di nurseri utama di  IOPRI Marihat. Dalam kajian ini, variati 
DxP-Simalungun yang berumur tiga bulan  dari pra-nurseri telah digunakan 
dan dipindahkan ke dalam beg poli yang mengandungi  0,50 atau 100 g BC. 
Tiga bulan selepas diubah, benih anak pokok  dirawat dengan 95% PBZ 
(PP333-TC) pada 0, 100, 200 dan 300 mg/anak benih. Pada masa penuaian, 
ketinggian anak pokok, panjang batang pelepah, dan bilangan pelepah diukur 
pada bulan ke-12. Gabungan BC dan PBZ meningkatkan ketinggian anak 
pokok dengan peringkat umur secara ketara, tetapi kadar kenaikan tidak 
setinggi berbanding rawatan BC sahaja. Ketinggian anak pokok  tinggi 
meningkat secara berperingkat pada 6 hingga 9 bulan, diikuti oleh peningkatan 
yang pesat dari 9 hingga 12 bulan. Gabungan 50 g BC + 100 mg PBZ 
memberikan ketinggian anak benih yang disasarkan iaitu pada 120 cm. PBZ 
mengurangkan panjang batang pelepah secara langsung selepas ia digunakan 
dan kesan yang telah bertukar dari masa ke masa. Gabungan BC dan PBZ 
menunjukkan kesan sinergi  dalam menggalakkan atau mengurangkan berat 
kering akar. Campuran 50 g BC + 100 mg PBZ telah meningkatkan berat akar 
kering anak pokok kelapa sawit. Kombinasi rawatan BC pada 50 g/anak pokok 
dengan PBZ pada 200-300 mg/anak pokok didapati menurunkan berat akar 
kering. Kandungan GA didapati menurun apabila  kadar PBZ meningkat. Ini 
menunjukkan PBZ memberi kesan kebalikan terhadap GA. Oleh itu, campuran 
BC 50 + PBZ 100 dipilih sebagai kombinasi yang terbaik untuk Eksperimen 2. 
 
Percubaan kedua telah dijalankan untuk menentukan kesan tekanan air pada 
prestasi pertumbuhan anak pokok kelapa sawit yang dipindahkan daripada 
rawatan PBZ dan BC yang terpilih di bawah keadaan simulasi lapangan. Anak 
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pokok berusia 12 bulan dengan 50 g BC + 100 mg PBZ dan kawalan telah 
dipindahkan ke dalam beg poli . Anak pokok ditempatkan dibawah lindungan 
hujan dengan tiga rawatan tekanan air Selepas: 50, 75 dan 100 kapasiti 
lapangan (KL). Parameter seperti ketinggian anak benih, luas daun, 
kandungan klorofil daun, fotosintesis dan kadar transpirasi, berat kering pucuk 
dan akar dan daun dan kandungan prolina ditentukan pada anak benih berusia 
13, 14, 15 dan 16 bulan. Anak pokok yang dirawat dengan PBZ100 mg + BC 
50 g menunjukkan prestasi pertumbuhan yang lebih baik dalam 
keadaan  tekanan air berbanding dengan kawalan. Anak pokok yang dirawat 
dengan PBZ 100 mg + BC 50 g mempunyai keluasan daun yang lebih kecil, 
peningkatan kandungan klorofil dan fotosintesis dan merangsang kadar 
transpirasi berbanding dengan anak pokok kawalan. Kandungan prolina yang 
lebih tinggi pada anak pokok kawalan menunjukkan anak pokok berada dalam 
keadaan tekanan berbanding anak pokok yang dirawat.  
  
Kesimpulannya, BC menghasilkan keadaan anak benih yang lebih baik 
manakala PBZ merencat pertumbuhan anak benih dengan menyekat 
penghasilan GA seterusnya menghasilkan anak pokok yang padat. Anak pokok 
yang padat adalah mudah untuk diselenggara dan pemindahan  memerlukan 
ruang yang kurang semasa pengangkutan. Oleh itu, anak pokok patut dirawat 
dengan 50 g BC dan 100 mg PBZ bagi setiap anak pokok. 
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CHAPTER 1 
 
 

GENERAL INTRODUCTION 
 
 

Oil palm or scientifically known as Elaeis guineensis Jacq., is a species of a 
palm tree which is commonly recognized as African oil palm or macaw-fat. 
Related to its name, oil palm is native to the west and the southwest of Africa, 
found between Angola and Gambia. The species guineensis was originated 
from Guinea (Lubis, 2011; Paterson, 2007). From Africa, oil palm had been 
distributed throughout the world and becomes a major commodity in term of 
producing vegetables oil.  

 
Oil palm is a highly efficient vegetable oil producer compared to other oil-
bearing crops (Basiron, 2007). It occupies less land, only 0.26 ha of land to 
produce a ton of vegetables oil compared to soybean, sunflower and rape seed 
which requires 2.2, 2.0 and 1.5 ha of land, respectively (Oil World, 2013; 
Wahid, 2011). Thus, oil palm efficiencies are 2.5 and 3 times higher as 
compared to soybean and rapeseed, respectively. Due to its highly efficient 
vegetable oil producers, oil palm enterprise has been the most important 
business in the world for more than two decades (Harahap, 2009). 

 
Many countries in Southeast Asia especially Indonesia and Malaysia chose oil 
palm to play a vital role in economy (Amalia, 2012; Hidayat, 2007). Nowadays, 
10.2 million hectares (about 2 million hectares under immature period) of land 
in Indonesia is under oil palm cultivation, while 5.3 million hectares is in 
Malaysia (Amalia, 2015). In 2013, Indonesia and Malaysia produced 
33,500,000 and 21,250,000 metric ton crude palm oil (CPO), respectively (Oil 
world, 2014). More than 50% of those oil palm productions have been 
exported. The main countries that import CPO are Japan, China, India, Europe, 
and the United States. CPO is used in cooking oil, vegetables oil, baking, 
medical care, industry and biodiesel. In fact, Netherland has started to utilize 
CPO as source of green electricity (Ibrahim, 2008). In conjunction with the CPO 
application in various field, the amount of demand was progressively increase 
with time. 

 
To meet up the demand of this vegetable oil, many companies has started 
scaling up their plantation. However, suitable land for oil palm plantation is 
limited. It pushes up the development of oil palm plantation to marginal and dry 
land, such as in south of Sumatera, Borneo and Sulawesi in Indonesia, and 
Perlis in Malaysia. In consequences of this development, the supplies of plant 
material from nursery need to be increased. Approximately, planters have to 
add an average 40% of seedling for each hectare of planting area. Those extra 
seedling are used to cover seedling selection around 20-35% (Fairhurst and 
Hardter, 2010), damage during transportation 10-15% and transplanting shock 
5-15 % (Turner, 2003; Yusof et al., 2000). Fairhurst and Harder (2010) 
suggested that in a well-maintained nursery, culling should not be more than 
20%. However, if the planting material is poor or taken from a poor 
maintenances nursery, it is necessary to cull more than 35%. Indeed, seedlings 
damages during transportation become serious problem and affect overall 
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planting cost. It could be worse for seedlings with more than 1.6 m high. 
However, in the search for a superior plant material, many plant breeders are 
working on the advance-planting material (APM). Consequently, the seedling 
size produced from APM is bigger than common seedling. With these 
seedlings, transportation could be made at only one-third capacity compared to 
normal seedling. Frond pruning is also required to reduce seedling transpiration 
during transportation. This technique is practiced to decrease seedling 
transportation shock. Intensity of the transplanting shock varies with planting 
technique and weather conditions. According to Turner (2003), a good planting 
material should not be damage more than 3% during transportation, except 
damages caused from pest, weather and other problem. However, palm trees 
that are planted in ideal weather conditions will be affected by transplanting 
shock and will get worse by uncertainty drought season which stimulates the 
incidence of water stress in plants (Fairhurst and Hardter, 2010). Severe 
transplanting shock will result in growth setback for more than six months and 
up to a year, or even palm death. A lot of efforts have been taken to face these 
problems. The right techniques of seedling handling and planting should be 
adopted to avoid any unnecessary growth setback to the palm. Frond pruning, 
pre-transportation watering, field watering, caring at loading and unloading 
during transportation are some of techniques that have been practiced. 
Consequently, the production cost rise linearly with all of those special 
techniques. 
 
Plant hormones, have also been referred to as phytohormones, are a group of 
organic substances, naturally occurring which influence physiological 
processes at low concentrations (Davies, 2004). It plays a key role as a 
mediator between environmental signals and adaptive plant response (Ebofin, 
2003).The effects of phytohormones are commonly demonstrated either by 
their exogenous application to a growing plant, retard plant growth or by the 
inhibition or exaggeration of their influence in mutant plants (Teale, 2005). One 
of the plant hormones that could retard growth and leaf expansion is 
paclobutrazol (PBZ). PBZ is a triazole that has been reported to protect plants 
against several environmental stresses such as drought and extreme 
temperature (Asare-Boamah, 1986; Fletcher, 2000; Marshall, 2000). PBZ 
interferes gibberellin biosynthesis by inhibiting the oxidation of ent-kaurene to 
ent-kaurenoic acid through inactivating cytochrome p450-dependent 
oxygenases (Graebe, 1987). It is also reported that PBZ stimulate the 
accumulation of proline in the leaves (Asare-Boamah, 1986) and responsible in 
controlling the stomata closure and stability of cell during drought period. The 
response varies depending on the type of application, doses, concentrations 
and plant species (Corbineau et al., 1990; Sambanthamurthi et al., 2000; 
Sawan, 1993; Tabur, 2009).They are several research indicated that a plant 
could be compacted by using PBZ such as cocoa, apple, peach, plum and 
mango trees (Abou et al., 1997; Blaikie et al., 2004; Kasran, 1994; Wieland and 
Wample, 1985). Compact plants which produced by using PBZ showed a 
positive result to overcome drought season (Ali and Shawn, 2010; Anonymous, 
2007; Carvajal, 1998; Hashim, 1991; Latimer, 1992; Wang and Steffens, 1985). 
With compact seedlings, it is easy to maintain and transplant to the field 
(Hashim, 1991). Indeed, the function of PBZ in inducing proline would be an 
indication in drought tolerant effect.  
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Biochar is a charcoal or carbon rich by-product produced by biomass (e.g. 
agricultural crop residues, wood, waste, etc.) which is heated through the 
process of pyrolysis in an oxygen-depleted environment (Bruun et al., 2012; 
Denyes et al., 2012; Galinato et al., 2011; Karhu et al., 2011; Kookana et al., 
2011). Attention has been received from the environmentalist to biochar 
because of its ability in sequestration of carbon in the soil for a long time and 
mitigate greenhouse gases (Galinato et al., 2011; Laird, 2010). In addition, 
some research has found that applying biochar to soil can increase crop yield, 
reduce the leaching of nutrients and stimulate soil microbial activity (Kolb et al., 
2009). Some of benefits of applying biochar to agricultural soil are increasing 
soil pH, stabilizing solutes and nutrient ions, improved soil structure and the 
retention of soil moisture (Brodowski, 2006; Clough, 2010; Laird et al., 2010; 
Lehmann et al., 2011). Consequently, the intrinsic properties of biochar and its 
complex interaction with different soil types would give impact on soil–plant–
microbe interactions and changes in nutrient cycle and improving crop growth. 
Biochar has also been reported to produce drought resistant plants 
(Anonymous, 2009; Barrow, 2011; Downie et al., 2009; Galinato et al., 2011; 
Karhu et al., 2011; Kookana et al., 2011; Lehmann et al., 2011).  

 
Information on utilization of PBZ and biochar and their rates on growth of oil 
palm seedlings in the field are still lacking, especially on plant vegetative, 
physiological aspects, and water stress. Thus, the main objective of this study 
is to investigate the effects of PBZ, biochar and water stress on growth of oil 
palm seedlings. The specific objectives are to examine the effects of PBZ and 
biochar on the growth performance of oil palm seedlings in main-nursery, and 
to investigate growth and physiologies performance of oil palm seedling that 
was treated with PBZ and biochar under field water stress simulated condition. 
 
 



© C
OPYRIG

HT U
PM

59 
 

REFERENCES 
 
 
Abulrazzaq, H., Hamdan, J., Ahmed, H., and Rosenani, A. B. (2014). 

Characterization and Stabilisation of Biochars Obtained from Empty 
Fruit Bunch, Wood and Rice Husk. Bio Resources 9(2), 2888-2898. 

 
Abdul Jaleel, C., Manivannan, P., Sankar, B., Kishorekumar, A., Sankari, S., 

and Panneerselvam, R. (2007). Paclobutrazol enhances 
photosynthesis and ajmalicine production in Catharanthusroseus. 
Process Biochemistry 42, 1566-1570. 

 
Abou, A. M., El-Khashab, A. F., El-Sammak, A. A., Elaidy, and Salama, M. I. 

(1997). Paclobutrazol reduces some negative effects of salt stress in 
peach. J. Amer. Soc. Hort. Sci 122 (1), 43-46. 

 
Adriansen, E., and Odgaard, P. (1997).Residues of paclobutrazol and 

uniconazole in nutrient solutions from ebb and flood irrigation of pot 
plants.ScientiaHorticulturae 69, 73-83. 

 
Ali, A. D., and Shawn, C. B. (2010).Effects of Paclobutrazol on Royal Palm 

(Roystonearegia) Trunk and Height Growth.Arboriculture and Urban 
Forestry 36 (5), 221-223. 

 
Alvim, P.T., and Kozlowski, T.T., (1977). Echophysiology of Tropical Crops. 

Academic Press, New York, USA. 
 
Amalia, R., M. A. Agustira, and Teguh, W. (2012).StatistikIndustriKelapaSawit 

2012. IOPRI-Press, Medan-Indonesia. 
 
Amalia, R. (2015). Oil palm plantation in Indonesia and Malaysia 2015.  (T. C. 

Hidayat, ed.). PPKS-Press, Medan. 
 
Anderson, C. R., Condron, L. M., Clough, T. J., Fiers, M., Stewart, A., Hill, R. 

A., and Sherlock, R. R. (2011). Biochar induced soil microbial 
community change: Implications for biogeochemical cycling of carbon, 
nitrogen and phosphorus. Pedobiologia54, 309-320. 

 
Anonymous (2007). Paclobutrazol Summary Document: Registration Review. 

United States Environment Protection Agency Case Number 7002, 
Docket Number: EPA-HQ-EPA-2006-0109. 

 
Anonymous (2009). March 2009 International Biochar Initiative News. 

http://www.biochar-
international.org/images/March_2009_Newsletter.pdf. 

 
Anonymous (2012). Paclobutrazol. Massachusetts Department of Agricultural 

Resources Boston-USA. 
 
Arunachalam, V. (2012). 3 - Oil Palm. In "Genomics of Cultivated Palms", pp. 

29-48. Elsevier, London. 

http://www.biochar-international.org/images/March_2009_Newsletter.pdf
http://www.biochar-international.org/images/March_2009_Newsletter.pdf


© C
OPYRIG

HT U
PM

60 
 

Asare-Boamah, N. K., Hofstra, R.A., Fletcher, R.A., Dumbroff, E.B. 
(1986).Triadimefon protects bean plants from water stress through its 
effects on abscisic acid. Plant Cell Physiology 27, 383-390. 

 
Bano, A., Dorffling, K., Bettin, D., Hahn, H. (1993). Abscisic acid and cytokinins 

as possible root-to-shoot signals in xylem sap of rice plants in drying 
soil. Aust. J. Physiol. 20, 109-115. 

 
Barrow, C. J. (2011). Biochar: Potential for countering land degradation and for 

improving agriculture. Applied Geography 34, 21-28. 
 
Basiron, Y., Jalani, B. S., and Chan, K. W. (2000). "Advances in oil palm 

research," Malaysian Palm Oil Board, Kuala Lumpur. 
 
Basiron, Y. (2007). Palm oil production through sustainable plantations. Eur. J. 

Lipid Sci. Technol. 109, 289-295. 
 
Blaikie, S. J., Kulkarni, V. J., and MÃ¼ller, W. J. (2004). Effects of morphactin 

and paclobutrazol flowering treatments on shoot and root phenology in 
mango cv. Kensington Pride. Scientia Horticulturae101, 51-68. 

 
Bonan, G. (2008). "Ecological Climatology: Concepts and Applications," 

Second Edition/Ed. Cambridge University Press, New York, 
USA.Bremner, J. M. (1996). Nitrogen-Total, in Method of soil analysis 
(Part 3).Chemical methods. Text book American Society of Agronomy, 
Inc., Madison, Wisconsin, USA.,pp 1085-1121. 

 
Brodowski, S., john, B., Flessa, H., Amelung, W. (2006). Aggregate-occluded 

black carbon in soil. Euro Journal Soil Science 57, 539-546. 
 
Brown, R. H. (1984). Growth of the green plant "Physiological Basis of Crop 

Growth and Development. American Society of Agronomy and Crop 
Science of American M. B Tesar (Ed.), 153-174. 

 
Bruun, E. W., Ambus, P., Egsgaard, H., and Hauggaard-Nielsen, H. 

(2012).Effects of slow and fast pyrolysis biochar on soil C and N 
turnover dynamics.Soil Biology and Biochemistry 46, 73-79. 

 
Caliman, J. P., and Southworth, A. (1998).Effect of drought and haze on the 

performance of oil palm. International Oil Palm Conference-Proceeding 
September 23-25, Nusa Dua, Bali-Indonesia. 

 
Carvajal, E., Amancio, A., Francisco, S., and Jesus, R. (1998). The Use of 

Paclobutrazol in Oil Palm Clones During The Nursery Stage. ASD Oil 
Palm Papers18, 29-33. 

 
Case, S. D. C., McNamara, N. P., Reay, D. S., and Whitaker, J. (2012). The 

effect of biochar addition on N2O and CO2 emissions from a sandy 
loam soil â€“ The role of soil aeration. Soil Biology and Biochemistry 
51, 125-134. 

 



© C
OPYRIG

HT U
PM

61 
 

Chaney, W. R. (2005). A Paclobutrazol treatments can leave a tree more stress 
tolerance. An adventurer publication, USA. 

 
Chen, X., Chen, G., Chen, L., Chen, Y., Lehmann, J., McBride, M. B., and Hay, 

A. G. (2011). Adsorption of cooper and zinc by biochars produced from 
pyrolisis of hardwood and corn straw in aqueous solution. Bioresource 
Technology 102, 8877-8884. 

 
Clough, T. J., Condron, L.M. (2010). Biochar and the nitrogen cycle: 

introduction. J. Environ. Qual 39, 1218-1223. 
 
Corbineau, F. o., Engelmann, F., and CÃ´me, D. (1990). Ethylene production 

as an indicator of chilling injury in oil palm (Elaeis guineensis Jacq.) 
somatic embryos. Plant Science 71, 29-34. 

 
Corley, R. H. V., and Tinker, P. B. (2003).The Oil Palm, Fourth Ed. Text book 

Blackwell-Science Ltd., Iowa-USA. 
 
Corley, R. H. V., J.J. Hardon, and B.J. Wood, (1976).Oil Palm Research.Text 

book Elsevier Scientific Publishing Company New York. 
 
Daniels, M. J., Langlois, V. S., Rutter, A., and Zeeb, B. A. (2012).The use of 

biochar to reduce soil PCB bioavailability to Cucurbitapepo and 
Eiseniafetida.Science of The Total Environment 437, 76-82. 

 
Davies, P. J., ed. (2004). "Plant Hormones "Biosynthesis, Signal Transduction, 

Action"." Kluwer Academic Publishers, Netherlands. 
 
Denyes, M. J., Langlois, V. S., Rutter, A., and Zeeb, B. A. (2012).The use of 

biochar to reduce soil PCB bioavailability to Cucurbitapepo and 
Eiseniafetida.Science of The Total Environment 437, 76-82. 

 
Downie, A., Crosky, A., and Munroe, P. (2009).Physical Properties of 

biochar.Science of The Total Environment London, 13-32. 
 
Duane, D. W. (1991). Reduced Rates and Multiple Sprays of Paclobutrazol 

Control Growth and Improve Fruit Quality of 'Delicious' Apples. J. 
Amer. Soc. Hort. Sci 116 (5), 807-812. 

 
Ebofin, A. O., D.A. Agboola, A.M. Aduradola, and, M.S. Ayodele (2003).Effect 

of Some Growth Hormone on Seed Germination and Seedling Growth 
of Some Savanna Tree Legumes.ASSET Series B2 (1), 141-150. 

 
El-Otmani, M., Cheikh, N., and, Mohamed, S. (1992). Effects of Paclobutrazol 

on greenhouse-grown bananas in Morocco. Scientia Horticulturae 49, 
255-266. 

 
Fairhurst, T., and Hardter, R. (2010). "Oil Palm - Management for Large and 

Sustainable Yields," Potash & Phosphate Institute Press, Berlin. 
 



© C
OPYRIG

HT U
PM

62 
 

Fletcher, R. A., Gilley, A., Sankhla, N., Davis,T.D. (2000). Triazoles as plant 
growth regulators and stress protectants.Hort. Rev.24, 55-138. 

 
Galinato, S. P., Yoder, J. K., and Granatstein, D. (2011).The economic value of 

biochar in crop production and carbon sequestration.Energy Policy 39, 
6344-6350. 

 
Galun, E. (2010). "Phytohormones and Patterning: The Role of Hormones in 

Plant Architecture," World Scientific Publishing, Singapore. 
 
Gilley, A., and, Fletcher, R. Austin (1998). Gibberellin antagonizes 

paclobutrazol-induced stress protection in wheat seedlings. Journal of 
Plant Physiology 153, 200-207. 

 
Graebe, J. E. (1987). Gibberellin biosynthesis and control.Annu. Rev. Plant 

Physiol. 38, 419-465. 
 
Gupta, U.S., (2007). Physiology of Stressed Crops. Volume V - Membrane 

System, Science Publishers, New Hampshire, United States of 
America. 

 
Hamzah, A. (2001). Nitrogen fixation and plant growth enhnacement by 

beneficial rhizobacteria in association with oil palm seedlings, Universiti 
Putra Malaysia, Selangor. 

 
Harahap, I. Y., E. Listia, Y. Pangaribuan, and, T.C. Hidayat (2009).Effect of 

Thinning Out in High Population to Increase Early Productivity Some of 
Oil Palm Varieties. Proceedings PIPOC International Palm Oil 
Congress, Kuala Lumpur. 

 
Hartley, C. W. S. (1988). The Oil Palm.(Tropical Agriculture Series), 3rd ed. 

Longman Scientific & Technical Harlow, 761. 
 
Hashim, M. T. (1991). Paclobutrazol: a growth and flowering regulator of young 

oil palm. In 1991 Int. Palm Oil Conference, Agriculture. PORIM, 85-94. 
 
Hasym, M. T., Tam, T. K., and Yeow, K. H. (1987). Field Evaluation of Oil Palm 

Advanced Planting Material. In "International Oil Palm Conference, 
Progress and Prospects" (H. H. Abdul Halim, P. S. Chew, B. J. Wood 
and E. Pushparajah, eds.), pp. 391. Palm Oil Research Institute of 
Malaysia and The Incorporated Society of Planters, Kuala Lumpur. 

 
Hidayat, T. C., G. Simangunsong, Eka, L., Iman, Y.H. (2007). Utilization of 

Various Agricultural wastes for Seedling Media of Oil Palm. IOPRI 
Journal vol.15/3. 

 
Huang, H., Cao, S. Y., Qiao, X. S., and, Lu, R. (1989).The effect of 

paclobutrazol on growth of some Asian pears. Scientia Horticulturae 
38, 43-47. 

 



© C
OPYRIG

HT U
PM

63 
 

Hosain, M.M., Lisar, R.Y.S., Motafakkerazat, R., and Rahman, I.M.M., (2012). 
Water Stress in Plants: Causes, Effects and Response. Book Chapter, 
Research Gate. DOI: 10.5772/39363 · Source: InTech 

 
Hsiao, TC., (1973). Plant Response to Water Stress. Ann. Rev. Plant Physiol. 

24: 519-70. 
 
Ibrahim, S. (2008). Transportation optimization model of palm oil products for 

northern peninsular Malaysia.Thesis Univeriti Sains Malaysia. 
 
Jacyna, T., and, Dodds, K. G. (1999).Effect of method of application of 

paclobutrazol in high density sweet cherry orchards on tree 
performance and apparent soil residue. J. Hort. Sci. biotechnol 74, 
213-214. 

 
James, W. O. (1973). "An Introduction to Plant Physiology," Oxford University 

Press, London. 
 
Jiao, J., Tsujita, M. J., and, Murr, D. P. (1986).Effects of paclobutrazol and A-

Rest on growth, flowering, leaf carbohydrate and leaf senescence in 
â€˜Nellie Whiteâ€™ Easter lily (Liliumlongiflorum Thunb.). Scientia 
Horticulturae 30, 135-141. 

 
Jones, H. G. (2014). "Plants and Microclimate: A Quantitative Approach to 

Environmental Plant Physiology," Cambridge University Press, 
Cambridge, UK. 

 
Karhu, K., Mattila, T., Irina, B., and Kristiina, R. (2011). Biochar addition to 

agricultural soil increased CH4 uptake and water holding capacity 
"Results from a short-term pilot field study". Agriculture, Ecosystems 
&amp; Environment 140, 309-313. 

 
Kasran, R. (1994). Effect of paclobutrazol on growth and yield of cocoa high 

density plantings. MARDI Research Journal 22 (1), 35-41. 
 
Kirkham, M. B. (2005). Principles of Soil and Plant Water Relations.text book 

Elsevier Academic Press, New York.   
 
Kolb, S. E., Fermanich, K. J., and Dornbush, M. E. (2009).Effect of charcol 

quantity on microbial biomass and activity in temperate soils.Soil Sci. 
Soc. Am. Journal 73, 1173-1181. 

 
Kong, S. H., Loh, S. K., Bachmann, R. T., Choo, Y. M., Salimon, J., and Abdul 

Rahim, S. (2013). Production and physico-chemical characterization of 
biochar from palm kernel shell C3 - AIP Conference Proceedings. In 
"2013 UKM Faculty of Science and Technology Post-Graduate 
Colloquium", Vol. 1571, pp. 749-752, Selangor. 

 
Kong, S.-H., Loh, S.-K., Bachmann, R. T., Rahim, S. A., and Salimon, J. 

(2014). Biochar from oil palm biomass: A review of its potential and 
challenges. Vol. 39, pp. 729-739. 



© C
OPYRIG

HT U
PM

64 
 

Kookana, R. S., Sarmah, A. K., Van Zwieten, L., Krull, E., Singh, B., and 
Donald, L. S. (2011). Chapter three - Biochar Application to Soil: 
Agronomic and Environmental Benefits and Unintended 
Consequences. In "Advances in Agronomy", Vol. Volume 112, pp. 103-
143. Academic Press. 

 
Kramer, P. J., and John, S. B. (1995).Water Relations of Plant and Soils.Text 

bookAcademic Press, New York. 
 
Laird, D. A., Fleming, P., Davis, D.D., Horton, R., Wang, B., Karlen, D.L. 

(2010).Impact of biochar amendments on the quality of a typical 
Midwestern agricultural soil. Geoderma 158, 443-449. 

 
Lamade, E., Indra, E.S., Sebastian, G., and Jaleh, G., (2009). Changes in 

13C/12C of Oil Palm Leaves to Understand Carbon Use During Their 
Passage from Heterotrophy to Autotrophy. Rapid Commun. Mass 
Spectrum; 23: 2586-2596. 

 
Lambers, H., Chapin III, F. S., and Pons, T. L. (2008)."Plant Physiological 

Ecology," Second edition/Ed. Springer Science+Business Media, LLC, 
New York, USA. 

 
Latimer, J. G. (1992). Drought, Paclobutrazol, Abscisic Acid, and Gibberellic 

Acid as Alternatives to Daminozide in Tomato Transplant Production.J. 
Amer. Soc. Hort. Sci117 (2), 243-247. 

 
Lehmann, J., and Joseph, S. (2009). "Biochar for environmental management: 

science and technology," Earthscan Ltd. London. 
 
Lehmann, J., Rillig, M. C., Thies, J., Masiello, C. A., Hockaday, W. C., and 

Crowley, D. (2011). Biochar effects on soil biota: A review. Soil Biology 
and Biochemistry43, 1812-1836. 

 
Litwack, G., ed. (2005). "Plant Hormones, Vitamins and Hormones," Vol. 72, 

pp. 1-12. Elsevier Academic Press, California-USA. 
 
Lubis, A. U. (2011). Oil Palm. IOPRI-Press, Medan-Indonesia. 
 
Luo, L. (2010). Breeding for water-saving and frought-resistance rice in China. 

Journal of Experimental Botany 61, 3509-3517. 
 
Manuel, J. R. R., ed. (2001). "Handbook of Plant Ecophysiology Techniques." 

Kluwer Academic Publishers, Vigo, Spain. 
 
Marshall, J. G., Rutledge, R.G., Blumwald, E., Dumbroff, E.B. (2000). 

Reduction in turgid water volume in jack pine, white spruce and black 
spruce in response to drought and paclobutrazol. Tree Physiol.20, 701-
707. 

 
 



© C
OPYRIG

HT U
PM

65 
 

Marshall, J., Tannis, B., Carry, A. W., Ben, W., Robert, G. R., and Eduardo, B. 
(2000). The effects of paclobutrazol, abscisic acid, and gibberellin on 
germination and early growth in silver, red, and hybrid maple.Can. J. 
For. Res 30, 557-565. 

 
Mulcahy, D. N., Mulcahy, D. L., and Dietz, D. (2012). Biochar soil amendment 

increases tomato seedling resistance to drought in sandy soils. Journal 
of Arid Environments 88, 222-225. 

 
Ochoa, J., J. A. Franco, S. Banon, and, J. A. Fernandez (2009). Distribution in 

Plant, Substrate and Leachate of Paclobutrazol Following Application 
to containerized Nerium oleander L. Seedlings. Spanish Journal of 
Agricultural Research 7(3), 621-628. 

 
Pardos, M., Calama, R., Montero, G., Pardos, J. A. (2005). Growth of 

container-grown cork oak seedlings as affected by foliar and soil 
application of paclobutrazol. Hort Science 40, 1773-1776. 

 
Paterson, R. R. M. (2007). Ganoderma disease of oil palmâ€”A white rot 

perspective necessary for integrated control.Crop Protection 26, 1369-
1376. 

 
Powlson, D. S., Whitmore, A. P., and Goulding, K. W. T. (2011).soil carbon 

swquestration to mitigate climate change: a critical re-examination to 
indentify the true and the false. Eur. J. soil Sci. 62, 42-55. 

 
Quilliam, R. S., Marsden, K. A., Gertler, C., Rousk, J., DeLuca, T. H., and 

Jones, D. L. (2012). Nutrient dynamics, microbial growth and weed 
emergence in biochar amended soil are influenced by time since 
application and reapplication rate. Agriculture, Ecosystems &amp; 
Environment 158, 192-199. 

 
Rai, N., and Bist, L. D. (1992). Effect of soil- and foliar-applied paclobutrazol on 

vegetative growth, flowering, fruit set and yield of oriental pear 
(Pyruspyrifolia (Burm.) Nakai). Scientia Horticulturae 50, 153-158. 

 
Rondon, M., Ramirez, J.A., Lehmann, J. (2005). Charcoal additions reduce net 

emissions of greenhouse gases to the atmosphere. Proceedings of the 
3rd USDA Symposium on Greenhouse Gases and Carbon 
Sequestration Baltimore, USA, March 21-24, p.208. 

 
Saab, I. N., Sharp, R. R., Pritchard, J., and Voetberg, G. S. (1990). Increased 

endogenous abscisic acid maintains primary root growth and inhibits 
shoot growth of maize seedlings at low water potentials. Plant 
Physiology 93, 1329-1336. 

 
Salomon, E., and Reuveni, O. (1994).Effect of paclobutrazol treatment on the 

growth and first flowering of intact and autografted seedlings of mango. 
Scientia Horticulturae 60, 81-87. 

 



© C
OPYRIG

HT U
PM

66 
 

Sambanthamurthi, R., Sundram, K., and Tan, Y.-A.(2000). Chemistry and 
biochemistry of palm oil.Progress in Lipid Research39, 507-558. 

 
Samsuri, A. W., Sadegh-Zadeh, F., and Seh-Bardan, F. J. (2014). 

Characterization of biochars produced from oil palm and rice husk and 
their adsorption capacities for heavy metals. Int. J. Environ. Sci. 
Technol.11, 967-976. 

 
Sankar, B., Jaleel, C. A., Manivannan, P., Kishorekumar, A., Somasundaram, 

R., and Panneerselvam, R. (2007). Effect of paclobutrazol on water 
stress amelioration through antioxidants and free radical scavenging 
enzymes in Arachishypogaea L. Colloids and Surfaces B: Biointerfaces 

60, 229-235. 
 
Sangkot (2013). "Transported marihat klon from Marihat Research Station to 

Rengat Estate PT.PN5 Riau." Internal report of Indonesian Oil Palm 
Research Institute, Medan. 

 
Sawan, Z. M., Basyony, A. E., McCuistion, W. L., El Farra, A. H. A. (1993). 

Effect of Plant Population Densities and Application of Growth 
Retardants on Cottonseed Yield and Quality.JAOCS 70(3), 313-317. 

 
Shabala, S., ed. (2012). "Plant Stress Physiology." CABI Press, Columbia, 

USA. 
 
Sharma, D., and Awasthi, M. D. (2005). Uptake of soil applied paclobutrazol in 

mango (Mangiferaindica L.) and its persistence in fruit and soil. 
Chemosphere 60, 164-169. 

 
Siregar, H. H., Amir, P., Endang, S., and Z. Pulungan (1995).Drought Problem 

Solving in Oil Palm Plantation.Warta-PPKS Vol. 3 (1): 9-13. 
 
Sohi, S. P., Krull, E., Lopez-Capel, E., Bol, R., and Donald, L. S. 

(2010).Chapter 2 - A Review of Biochar and Its Use and Function in 
Soil. In "Advances in Agronomy", Vol. Volume 105, pp. 47-82. 
Academic Press. 

 
Smith, E. F., Ivana, G., Andrew, V.R., and John, M. (1992). Paclobutrazol and 

Reduced Humidity Improve Resistance to Wilting of Micropropagated 
Grapevine. Hort Science 27 (2), 111-113. 

 
Sterrett, J. P. (1985). Paclobutrazol: a promising growth inhibitor for injection 

into woody plants. J. Amer. Soc. Hort. Sci 110, 4-8. 
 
Sukiran, M. A., Loh, S. K., Nasrin, A. B., and Choo, Y. M. (2011).Production 

and Characterization of Bio-Char from the Pyrolysis of Empty Fruit 
Bunches. American Journal of Applied Sciences 8(10), 984-988. 

 
Sun, C. X., Cao, H. X., Shao, H. B., Lei, X. T., and Xiao, Y. (2011). Growth and 

physiological responses to water and nutrient stress in oil palm.African 
Journal of Biotechnology 10, 10465-10471. 



© C
OPYRIG

HT U
PM

67 
 

Syahputra, B. S. A. (2012). Effect of paclobutrazol on lodging resistance, 
growth and yield of direct seeded rice, Universiti Putra Malaysia, Kuala 
Lumpur. 

 
Tabur, S., Demir, K. (2009). Role of Some Growth Regulators on Cytogenic 

Activity of Barley Under Salt Stress. Journal of Plant Growth Regulation 
60, 99-104. 

 
Tan, W. T., Ooi, S. T., and Lee, C. K. (1993). Removal of Cr (VI) from solution 

by coconut husk, palm pressed fiber. Environmental Technology 14, 
277-282. 

 
Teale, W., Paponov, I., Tietz, O., Palme, K. (2005). Phytohormones and Signal 

Transduction Pathways in Plants. Endocrinology Part III, 137-147. 
 
Thomas, F., and Hardter, R. (2010). Oil Palm - Management for Large and 

Sustainable Yields. Photash and Phosphate Institute, Canada. 
 
Thuc, L. V., Sarpan, N., Ky, H., Napis, S., Ho, C.-L., Ong-Abdullah, M., Chin, 

C.-F., Namasivayam, P., (2010). A Novel Transcript of Oil Palm (Elaeis 
guineensis Jacq.) Eg707, is Specifically Upregulated in Tissues 
Related to Totipotency. 

 
Toruan-Mathius, N., Wijaya, G., Guharja, E., Aswidinnoor, H., Yahya, S., and 

Subronto (2001).The effect of drought in oil palm (Elaeis guineensis 
Jacq.) seedling. Menara Perkebunan 69, 29-45. 

 
Turner, P. D., and Gillbanks, R. A. (1980). "Oil Palm Cultivation and 

Management," Third /Ed. The Incorporated Society of Planters Press, 
Kuala Lumpur. 

 
Turner, P. D., and Gillbanks, R. A. (2003). "Oil Palm Cultivation and 

Management," Fourth /Ed. The Incorporated Society of Planters Press, 
Kuala Lumpur. 

 
Valentine, I. K., and Maria, V. K. (2003)."Natural Growth Inhibitors and 

Phytohormones in Plants and Environment," Kluwer Academic 
Publishers, Netherlands. 

 
Wahid, M. B., Choo, Y.M., and Chan, K.W. (2011). Oil Palm Research (2000-

2010). Text book, Kuala Lumpur, Malaysia. 
 
Wang, S. Y., Tung, S., and Miklos, F. (1986). Translocationof Paclobutrazol, a 

Gibberellin Biosynthesis Inhibitor, in Apple Seedlings. Plant Physiol.82, 
11-14. 

 
Wang, Y., Shiow, L., and Steffens, G. (1985). Effect of paclobutrazol on water 

stress-induced ethylene biosynthesis and polyamine accumulation in 
apple seedling leaves.Phytochemistry 24, 2185-2190. 

 



© C
OPYRIG

HT U
PM

68 
 

Wieland, W. F., and Wample, R. L. (1985). Effects of paclobutrazol on growth, 
photosynthesis and carbohydrate content of Dliciousae™ apples. 
Scientia Horticulturae 26, 139-147. 

 
Wang, Y. S., and L. Steffens, G. (1985). Effect of paclobutrazol on water 

stress-induced ethylene biosynthesis and polyamine accumulation in 
apple seedling leaves. Phytochemistry 24, 2185-2190. 

 
Yusof, B., Jalani, B. S., and Chan, K. W. (2000).Advances in oil palm 

research.Text book MPOB Press, Kuala Lumpur. 
 
Zhang, A., Bian, R., Pan, G., Cui, L., Hussain, Q., Li, L., Zheng, J., Zheng, J., 

Zhang, X., Han, X., and Yu, X. (2012). Effects of biochar amendment 
on soil quality, crop yield and greenhouse gas emission in a Chinese 
rice paddy: A field study of 2 consecutive rice growing cycles. Field 
Crops Research 127, 153-160. 

 
Zimmerman, A. R., Gao, B., and Ahn, M. Y. (2011). Positive and negative 

carbon mineralization priming effects among a variety of biochar-
amended soils. Soil Biology and Biochemistry 43, 1169-1179. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  


	EFFECTS OF PACLOBUTRAZOL, BIOCHAR AND WATER STRESS ONGROWTH OF OIL PALM (Elaeis guineensis Jacq.)SEEDLINGS
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



