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ABSTRACT 

Oil palm agro-industry have been growing steadily in the Americas an is becoming one of the most 
important crops in the region. However the presence of diseases, mainly bud rot disease (BR) is 
becoming a threat to the oil palm industry due to the high susceptibility of the African oil palm (Elaeis 
guineensis) to the disease. Interspecific OxG hybrids between the American oil palm (E. oleifera) and 
the African oil palm (E. guineensis) have emerged as an alternative to oil palm production, due to their 
partial resistance to BR. Also these hybrids are very productive in terms of FFB and the oil is of very 
high quality. In this paper we show the results on the performance of different OxG hybrids planted in 
the Americas. The main differences among hybrids arise from the origin of the E. oleifera genitors, 
which exhibit high genetic diversity and marked agronomic differences. We show the results of the 
characterization of different hybrids at the molecular, biochemical, physiological and morpho-
agronomic levels, and also present some results on the response of the hybrids to BR. 
 

INTRODUCTION 
According to population growth estimates, global consumption of palm oil is expected to reach 37.9 
million by 2020. This represents an average annual growth rate of 3.3%. In America, oil palm is 
cultivated from Mexico to Brazil; however, in this region the crop faces the pressure of Bud Rot 
disease (BR). The disease is highly aggressive and has destroyed entire plantations in Suriname, 
Brazil, Colombia and Ecuador (Franqueville, 2001). In some of the plantations, after BR destroyed all 
the African oil palms, it was possible to observed survivors. Those survivors were interspecific OxG 
hybrids that had been planted to observe their agronomic behavior and turned out to be resistant to 
BR.  
 
The survival of the hybrids on the plantations destroyed by BR opened the possibility of using them in 
regions where a high BR inoculum pressure was present. Thus, several seed producers mainly from 
Ecuador, Costa Rica and Colombia, started seed production of OxG hybrids, using E. oleifera genitors 
and from different origins and crossing them with different types of tested pollen named AVROS, 
Yangamby, La Mé, etc.    
 
One of the most important observations is the high genetic diversity among origins in the E. oleifera 
populations. Thus, agronomic performance and BR resistance is dependent mainly upon the origin of 
the E. oleifera genitor. In this paper we describe the performance of different interspecific hybrids in 
relation to the E. oleifera origin.  
 
 

MATERIALS AND METHODS 
E. oleifera characterization 
E. oleifera palms from different origins (sites of collection, Figure 1) where use to study the genetic 
diversity, morfoagronomic characteristics and some physiological parameters, the site and year of 
collection is shown in Table 1. Molecular analyses were performed using  19 microsatellites (Billotte et 
al. 2001; Billotte et al. 2005 y Singh et al. 2008) and genetic diversity assessed as previously 
described (Arias et al., 2013). Bunch analyses of 289 palms were performed according to Garcia and 
Yañez (2000) and yield components measured. A OxG hybrid (Coari x La Me) was used as external 
control. Also fatty acids, iodine value and and lipase activity were anlayzed.   
 
Effect of planting density of light interception an d Production 
This part of work was carried out in the Guaicaramo plantation in the municipality of Barranca de Upía, 
Meta, located at 4° 26' North latitude and 72° 58' West longitude and at an altitude of 190 meters 
above sea level. It has an average annual rainfall between 2000 and 3500 mm with a monomodal 
rainfall regime, average temperature of 27° C and a n average annual solar radiation of 465 Watt m-2.  
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Figure 1. Geographic regions and countries where E. oleifera palms where collected 

 
 
 
Origen  Code Site of 

Collection 
Year of 
Collection  

Number of 
Accesions  

Year of 
Planting 

Perú 1 Erene  2002 4 sep-2004 
2004 19 jun -2006 

2 Cuchillo  2004 16 jun -2006 
3 Serra  2002 11 sep-2004 

2004 7 jun -2006 
4 Kwait  2002 1 sep-2004 

Brasil  5 Coari  2004 1 jun -2006 
2007 1 abr-2010 

6 Manaus  2004 5 jun -2006 
7 Pool  2002 1 sep-2004 
8 Ariaw  2002 1 sep-2004 

Colombia  9 Saragoza  2002 1 sep-2004 
Ecuador  10 Taisha  2004 1 jun -06 
Total        69   

 
Radiation measurements were made during the months of January to February 2011 (dry season) in 9 
commercial plots of interspecific hybrid material from a cross between oleiferas collected in the 
municipality of Coari (central basin of the Amazon River, north of Brazil) and pollen from pisiferas La 
Mé (CIRAD) in six palms of 4, 6 and 14 years of age, at 9, 9.5 and 10 meter planting distance which 
corresponds to densities of 143, 128 and 115 palms per hectare respectively.  

To determine the radiation interception (RI), the incident and transmitted photosynthetically active 
radiation (PAR) below the canopy was measured between 11:00 and 13:00 hours (Flenet et al. 1996) 
this is because the K value depends on the angle of the sun on the horizon (α) which varies with 
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latitude, season of the year and through the course of the day. To correct the angle of the sun, K can 
be divided by sen(α) or measurements can be made near noon when sen(α) is approximately 1 (Mavi 
and Tupper 2004; Awal et al. 2005). 

The incident radiation (I) was measured using the SunScan Canopy Analysis System (Delta T Devices 
Ltda, 1996), which measures incident and transmitted PAR. SunScan consists of a beam fraction 
sensor (BFS) which was placed in non-shaded areas such as clearings in the vegetation or secondary 
roads adjacent to the lots, making sure the solar radiation had an unobstructed path to the sensor. At 
the same time, the transmitted radiation (Io) was recorded (which is the radiation that passes through 
the canopy) with a 1-meter long probe with 64 equally spaced photodiodes that record the transmitted 
radiation.  
The following equation was used for the calculation of intercepted radiation: 
 

Intercepted Radiation = (Incident PAR – Transmitted PAR) / Incident PAR 
Or IR = 1 –[(Transmitted PAR) / (Incident PAR)] 

Equation 1 

 
The methodology proposed by (Corley and Tinker 2003) was used for estimating the leaf area (LA), 
and the leaf area index (LAI) was determined using the following equation: 
 

IAF= Af x Nh x DS / 10.000  m2           Equation 2 
Where: 
Af = leaf area (m2) 
Nh= Number of leaves per palm  
DS= Planting density (number of palms per hectare) 
 
With the data obtained, the Monsi and Saeki model for continuous canopy was applied, modified for oil 
palm (Squire 1984), and extinction coefficients were determined for each age class and planting 
density. Data were subjected to a regression analysis for transmitted radiation and LAI variables, and 
the corresponding kc values were determined.  
 
 
 
Performance of OxG hybrids in Tumaco 
The performance of hybrids in a region of high BR inoculum pressure was assessed. The behavior of 
the OxG hybrids was compared to that of E. guineensis materials. The experiment was carried out in 
Palmas del Mira Plantation, on the Colombian Pacific coast, in the municipality of Tumaco, Nariño. At 
70 meters above sea level (m.a.s.l), with average annual rainfall of 3000 millimeters by year (mm year-

1), temperature of 26.0° C and relative humidity of 88.0%. A complete random design with four 
treatments was employed. The treatments correspond to the cultivars used: two cultivars of the 
interspecific OxG hybrids (E. oleifera x E. guineensis) with similar maternal genitors and different 
paternal genitors (Coarí x La Mé and Coari x Pobé and two cultivars of the African oil palm (Elaeis 
guineensis Jacq.), Patuca and Pepilla).  
 
In total, 355 palms (110 palms of cultivar Patuca, 94 of Pepilla, 93 of OxG hybrid  Coarí x La Mé and 
58 of Oxg hybrid Coarí x Pobé) were randomly distributed on an experimental 4-ha field, which, at the 
time of the experiment, was surrounded by plots with BR incidences of above 60% to ensure a high 
rate of inoculation. Each planted palm constituted the experimental unit in which incidence and 
severity of the disease were evaluated.  
 
Monthly censuses were performed from the first day of planting to identify new cases of BR. The state 
of the youngest spear-leaf was evaluated in each diseased palm, and the severity was recorded using 
the scale developed for this purpose (Martinez and Torres 2007) (Table 2). The removed palms were 
recorded for an analysis of removals in each of the tested cultivars.  
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Table 2:  Bud Rot (BR) severity scale to describe the progression of the disease in oil palm (Martinez 
and Torres, 2007). 
 

Degree  Description  
0 There are no lesions. Spear-leaf looks vigorous and 

healthy 
1 Lesions covering from 0.1 to 20% of the spear-leaf 

area. 
2 Lesions covering from 20.1 to 40% of the spear-leaf 

area. 
3 Lesions covering from 40.1 to 60% of the spear-leaf 

area. 
4 Lesions covering from 60.1 to 80% of the spear-leaf 

area. 
5 Lesions covering from 80.1 to 100% of the spear-leaf 

area. 
 
 
 

RESULTS AND DISCUSSION 
E. oleifera characterization 
There is a great genetic diversity and differentiation (Nei 1987) among the E. oleifera accessions from 
Brazil and Peru with GST = 0.326 and HT = 0.702, each country showed an average genetic diversity of 
HS = 0.474 (Table 3). The principal component analysis showed a clear distribution pattern in which 
the accessions were clustered according to their geographic region where they were collected (Data 
not showed).  

 
 

 
TABLE 3 NEI'S COEFFICIENTS OF GENETIC DIVERSITY AND  DIFFERENTIATION GROUPS 

Groups SSR N HO HS DST HT GST GIS 

Brazil and Perú  19 562 0.330 0.474 0.229 0.702 0.326* 0.304* 

Geographic regions from Perú  19 455 0.309 0.359 0.050 0.410 0.123* 0.139* 

Geographic regions from Brazil 19 107 0.345 0.421 0.216 0.637 0.204* 0.182* 

Brazil, Colombia, Ecuador, Perú  13 64 0.263 0.261 0.525 0.787 0.601* -0.007 
Ho: average of observed genetic diversity, Hs: average of genetic diversity within groups, Ht: total genetic diversity, DST: average 
of genetic diversity among subgroups, GST: coefficient of genetic differentiation; GIS: inbreeding coefficient; * statistically 
significant values (p = 0.001) 
 
 
Yield components showed differences among the origins (Table 4) with statistically significant 
differences among the different measured parameters (not shown).  Interestingly, the observed 
genetic diversity correlates with the phenotypic variations among the E. oleifera accessions in terms of 
the form of the plant, the bunch composition and the bunch analysis. One key observation is that 
different origins present a differential oil accumulation in the parthenocarpic or in the normal fruits. For 
example, the best accessions of the Serra origin showed an OB of 13.2, comparable to the best 
Manaus accessions that showed an OB of 13.5. However in the case of the Serra accessions, the 
main contribution to the total OB came from the normal fruits, while in the Manaus accessions the 
main oil contribution came from the parthenocarpic fruits. This opens a possibility of breeding for 
parthenocarpic fruits as an alternative to assisted pollination, which is a must when using OxG 
hybrids.  
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TABLE 4 YIELD COMPONENTS OF OIL PALM BUNCHES OF DIF FERENT ORIGINS 
 

Erene  Cuchillo  Serra  Coarí  Manaus  Taisha  Coarí x 
LaMé 

OB 4.7 
 (1.5-8.8) 

4.3  
(1.5-9.6) 

4.4        
(2.1-13.2) 

4.1 
 (0.8-7.3) 

5.5  
(0.7-13.5) 

5.0         
(2.0-7.6) 

19.5       
(10.3-29.0) 

OBnf 3.8 
 (0.7-8.1) 

3.6 
 (1.5-8.7) 

3.7  
(0.4-7.3) 

3.0 
 (0.8-5.2) 

3.2  
(0.5-7.4) 

4.8         
(1.6-6.9) 

12.0         
(7.0-19.4) 

OBpf 1.1 
 (0.1-5.2) 

0.9  
(0.1-2.7) 

0.9  
(0.1-8.6) 

1.3 
 (0.1-3.6) 

2.7 
 (0.1-11.5) 

0.4         
(0.1-0.7) 

7.5           
(2.7-16.7) 

FBnf 53.7  
(15.1-76.4) 

56.7    
(35.4-77.3) 

54.0 
 (10.1-73.1) 

36.6 
 (16.7-59.3) 

30.1 
 (4.5-67.8) 

55.5    
(22.8-67.4) 

38.6       
(27.8-51.5) 

FBpf 9.9 
 (1.1-53.5) 

7.5         
(1.6-21.8) 

8.1 
 (1.7-34.6) 

9.4  
(1.8-21.2) 

12.2  
(0.8-43.5) 

3.9         
(1.6-6.9) 

17.5         
(7.1-36.4) 

OFMnf 13.7 
 (5.4-26.5) 

12.7      
(6.1-23.3) 

14.0  
(6.7-22.8) 

19.3  
(7.8-25.6) 

24.7 
 (3.6-34.3) 

13.5      
(8.0-17.3) 

43.1       
(31.8-50.0) 

OFMpf 11.3  
(2.7-23.6) 

11.2       
(5.0-19.6) 

10.3 
 (3.6-25.0) 

12.8  
(2.1-20.1) 

19.9 
 (3.7-34.1) 

11.0      
(7.9-14.6) 

41.6       
(36.6-46.7) 

MF 51.8  
(40.7-64.2) 

50.2     
(38.3-61.3) 

49.6    
(37.3-64.8) 

42.7  
(32.4-63.9) 

44.5  
(30.3-59.3) 

63.4    
(57.5-68.5) 

72.1        
(61.3-82.2) 

SF 36.1  
(20.6-52.6) 

36.5     
(28.5-53.6) 

37.6    
(26.8-49.9) 

42.1  
(28.4-52.8) 

42.9 
 (31.5-55.0) 

27.7    
(23.4-31.3) 

19.8        
(13.5-25.8) 

OF 12.1 
 (1.9-22.2) 

13.3      
(1.2-25.2) 

12.8      
(2.6-20.9) 

15.2  
(7.7-21.9) 

12.6  
(5.2-24.8) 

9.0          
(4.1-13.0) 

8.2           
(4.3-12.9) 

OB, oil to bunch; FB, fruit to bunch; OFM, oil to fresh mesocarp; MF, mesocarp to fruit; SF, shell to mesocarp; OF, oil to fruit. 
Pf suffix, parthenocarpic fruit; nf suffix, normal fruits. 
 
 

Effect of planting density on light interception an d Production 
The results showed that the number of leaves decreased with age in the three planting densities 
(Figure 2a). Although leaf number reduction with age of OxG interspecific hybrid materials was similar 
to that of E. guineenis, the average leaf emission rate was much lower in the hybrid with for example, 
leaf emissions of 29 and 26 leaves per palm per year (average of 2,5 leaves/month) in palms between 
3 and 4 years of age respectively, (Rivera, 2009). Figure 2b shows average LAI values for the three 
age classes and densities. The 4-year old group of palms showed values of 2.7 (115 palms/ha), 2.5 
(128 palms/ha) and 2.4 (143 palms/ha). However, the trend changed in the 6-year old group of palms, 
where the highest LAI was found in palms planted at higher density (143 palms/ha) with a value of 4.5, 
followed by the group planted at 9.5 m spacing, with a value of 3.5, and 3.1 for palms planted at 10 m. 
The 14-year old group of palms had the highest LAI value of 5.1 in the highest planting density (143 
palms/ha).  
 
In 4 years-old hybrids, the densities of 128 and 143 palms per hectare showed a radiation interception 
ranging from 76% to 78%, and the density of 115 palms per hectare showed a radiation interception of 
83%, possibly due to the presence of a greater number of leaves and, in this particular case, because 
the plot already had a closed canopy, as in oil palm the canopy is considered to be closed when 80% 
of the incident radiation is intercepted by the crop (Breure 2003)  or when the neighboring leaves 
overlap. In the 6-year old hybrids, the intercepted and transmitted PAR showed that the highest 
planting density (143 palms/ha) had a greater intercepted radiation (90.5%), while the lowest density 
(115 palms/ha) intercepted about 79.6% of incident radiation. (Corley and Tinker 2003).  
 
PAR interception in 14 years-old hybrids planted at 9 m spacing (LAI = 5. 2) had the highest values 
(92%). The plot planted at 9.5 m spacing intercepted about 89% of the radiation; these results are 
similar to those obtained by (Squire 1985) for intercepted radiation in 10-year old E. guineensis palms, 
where he found maximum and minimum values of 96% and 85% respectively at a planting density of 
148 palms/ha. Finally, hybrids planted at 10 m spacing had the lowest proportion of intercepted 
radiation (79%), but a higher proportion of radiation transmitted to the lower layers (20%) was also 
observed.  
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Figure 2. Effect of age and planting density on leaf number (A) and leaf area index, LAI (B) of 
interspecific OxG hybrids planted under the Los Llanos Orientales, Colombia conditions. 

 
 
 
Performance of OxG hybrids in Tumaco 
Interspecific OxG hybrids were more resistant to BR under high inoculum pressure conditions than E. 
guineensis materials. The first cases of BR appeared in the E. guineensis palms 99 days after planting 
(d.a.p). The severity progression curves showed a differential response to BR between hybrids and E. 
guineensis materials, and among hybrids (Figure 3). The severity of BR remained below 20% (degree 
1 on the severity scale) in E. guineensis cultivars up to 330 d.a.p. In the hybrids, severity remained 
below 20% for longer (435 d.a.p. in Coari x La Mè and 471 d.a.p.in Coari x Pobè.). The increase from 
20% to 40% severity (degrees 1 and 2) of the E. guineensis cultivars required 135 and 107 days, 
respectively. In contrast, in the Coari x La Mé hybrid, this process took 633 days, and in the Coari x 
Pobè hybrid, it took 1006 days (Figure 3). Severity progression curves show that the E. guineensis 
cultivars, exceeded 80% severity (degree 5) between 734 and 782 d.a.p. At the end of the observation 
period (1812 d.a.p.), the two hybrids had severities of less than 55% (severity level 3). A similar level 
of severity was seen much earlier in the two E. guineensis Jacq. cultivars (547 days; Figure 3). It is 
clear that the individual oleifera palms and the source of pollen (La Me or Pobe in this case) that make 
up the progeny are fundamental in the grade of tolerance of the plants to BR. Furthermore, there are 
not well documented cases of BR resistance in E. guineensis materials and so it is necessary to make 
real efforts to screen African oil palm materials in order to locate BR resistance sources. Moreover, 
most of the African oil palm genetic materials tested so far have shown high susceptibility to BR and 
until BR resistance sources are identified in E. guineensis, the interspecific OxG hybrid remains as the 
one true resistant material to BR and so it is the advisable material to be planted in the regions with 
high BR inoculum pressure.  
 

CONCLUSION 
Pests and diseases are the main constrain for oil palm crop in the world, but especially in America. BR 
constitutes the main treat for the agro industry and so far no sources of genetic resistance have been 
identified and probed in the E. guineensis genotypes. The interspecific OxG hybrid has emerged as an 
alternative for oil palm cultivation in high BR inoculum pressure, however much is still to be done to 
improve OxG hybrids. One concern is the high variability among the hybrids caused not only for the 
origin of the Oleifera genitor, but as shown also for the type of pollen used in the crosses. Thus, 
oleifera breeding is a very important task to be undertaken. Also, understanding the differential 
response of hybrids to BR could provide insight in the mechanisms of response of oil palm to BR, and 
in the resistance. Once the two are fully understand it will be possible to improve the commercial value 
of the interspecific OxG hybrids.  
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Figure 3. Severity progression curves for four oil palm cultivars evaluated at a high inoculum pressure 
zone in the Municipality of Tumaco, Colombia. Results correspond to the sanitary status after 2052 

days in the field. 
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