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Abstract

Broadening the genetic base of oil palm was retained by the Malaysian Palm Oil Board (MPOB), as a key action for the improvement of the crop. An intensive collection of oil palm germplasm in almost all the regions of endemism around the world was carried out and planted in its research station Kluang, Johor. It is the largest oil palm germplasm collection in the world. The present study aimed at assessing the fresh fruit bunch (FFB), bunch number (BNO) and average bunch weight (ABWT) of thirteen progenies of CMR x CMR and CMR x DRC, crossed according to biparental mating design (BIP). The thirteen progenies were planted following a randomized complete block design (RCBD) in two locations viz. Kluang and Keratong, with two replicates in each location. The analysis of variance (ANOVA) revealed that the variability among progenies, for fresh fruit bunch (FFB), bunch number (BNO) and average bunch weight (ABWT), is highly significant.  The contribution of the environmental effects is relatively high, and this is evident as shown by the low heritability estimated on the characters, in individual trials and for pooled data across locations (h2B < 25%). Progenies deriving from crosses CMR x CMR have shown a relatively higher performance compared to those from CMR x RDC for fresh fruit bunch (FFB). The progenies PK 1875 (CMR x CMR) is the best performer on the individual trial basis as well as for pooled data across locations with an average bunch yield of 159 kg/palm/year.

Index:

CMR: Cameroon

DRC: The Democratic Republic of the Congo (ex-Zaire)
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1. INTRODUCTION

Oil palm (Elaeis guineensis) is the most productive oil bearing plant species known in the world, exceeding by more than fourfold that of temperate crops such as soybean and oil rapeseed. It accounts for approximately 27% of world total production of vegetable oils and fats, surpassing soybean whose contribution is about 24% (Mielke, 2011). Palm oil, the oil extracted from the mesocarp of the oil palm fruit, is one of the major edible oils in the global trade. Malaysia is the second largest producer of palm oil (18 million tonnes for about 4.2 million hectares) after Indonesia (23.9 million tonnes for about 6.0 million hectares) (Mielke, 2011). The country is the world second largest exporter of palm oil, accounting for about 94% of the total output and 44% of the net world export trade (Mielke, 2011). Malaysia’s palm oil industry is the fourth largest contributor to the national economy and accounts for about RM 53 billion in the gross national income. The palm oil industry is the fourth National Key Economic Area out of 12 (JPM, 2010)

Oil palm, a cross-pollinated perennial crop species, is cultivated for its oil-bearing fruit bunches (Corley & Tinker, 2003; Hartley, 1988). The fruit or drupe is in fact the real economic part of oil palm, which translates in concrete manner the productivity of plantations (Jalani & Rajanaidu, 1992). In Malaysia, efforts are being made to develop more productive planting material through various breeding programmes implemented by the Malaysian Palm Oil Board (MPOB) and private oil palm industries. The materials collected all over the world were characterized and their evaluation is still going on (Hayiti et al., 2004; Rafii et al., 2002; Mohd Din, 1999; Kushairi, 1998; Rafii, 1996; Rajanaidu, 1994). Population collected from Cameroon revealed a high genetic diversity as did those of Nigeria and Sierra Leone (Hayiti et al., 2004). Cameroon and the DRC (ex-Zaire) germplams have shown a high tolerance to Ganoderma disease in field planting (Soh et al., 2009; Rajanaidu, 1994). Population improvement of oil palm is vital to the economy as this constitutes the most efficient way of increasing the yield and thus, productivity and profitability (Okoye et al., 2009; Jalani & Rajanaidu, 1992). 

Through these thrusts for developing elite planting material, some Cameroon (CMR) and the Democratic Republic of the Congo (DRC - ex-Zaire) materials have attracted a great breeding interest for their high combining ability (Mohd Din et al., 2005) and tolerance to Ganoderma basal stem rot disease, a serious threat to oil palm industry in Malaysia. The progeny dura x pisifera testing trials conducted simultaneously at Golden Hope Kluang under MPOB Kluang research station and MPOB research station Keratong respectively, aimed at evaluating the yield performance of 13 progenies CMR x DRC and CMR x CMR, in order to select candidate genotypes which could serve as parents for new breeding programmes as well as basis for tenera hybrid seed production. The progenies are tested for the bunch yield (FFB) and its two components which are the number of bunches produced annually (BNO) and the average weight of bunches produced per annum (ABWT). Broad-sense heritability statistics were estimated for each character for individual locations and data pooled across locations.  A correlation analysis was also conducted to investigate association between characters. 

2. Materials and Methods
2.1. Materials

2.1.1. Trials’ locations


The tenera oil palm progenies resulting from outcrossing of dura and pisifera genetic materials from Cameroon (CMR) and the Democratic Republic of the Congo (DRC - ex-Zaire) are part of the trials 0.866 and 0.350 planted in April 1996 respectively at Golden Hope Kluang under the MPOB research station Kluang Johore, and MPOB research station, Keratong, Pahang. The two sites are former jungle landscapes which have been converted into oil palm stands for research and production purposes. Kluang is characterised by Rengam soil series and rainfall of about 2500 mm/yr. The site in Keratong is charaterised by soils of Serdang series and average annual rainfall below 2000 mm. Rainfall is higher and more regular in Kluang compared to Keratong, whereas, the soils in Keratong show a higher level of fertility.  

2.1.2. Breeding materials

The 13 progenies under investigation are DxP oil palms resulting from outcrosses of five (05) dura oil palm germplasm from CMR with the pisifera palm 0.221/247 and 0.218/1847 from the DRC and CMR respectively. The progenies result from outcrosses made between progenitors which were selected according to their performance during the previous selection cycles. The CMR pisifera palm 0.218/1847 is of particular interest for having shown a higher combining ability compared to RDC pisifera 0.221/247 (Mohd Din et al. 2005).

2.2. Methods

2.2.1. Data collection


The performance of progenies was assessed based on data on fresh fruit bunch(FFB) yield records and its components viz. bunch number (BNO) and average bunch weight (ABWT).  Data were collected on an individual palm basis in the two trials (0.866 and 0.350) following the same protocol. Harvesting of oil palm bunches usually begins 36 months after field planting, and is a continuous process which will be undertaken at regular intervals of seven to 10 days as from the onset, corresponding to three harvest rounds per month in average. The data were summarized within a 12-month period, from January to December each year in order to facilitate comparisons between trials for various analysis purposes. 


The number and weight of harvested fruit bunches from each palm were recorded during each harvesting round for seven years in Trial 0.866 (from1999 to 2006), and nine years in Trial 0.866 (from 2000 to 2009). Each harvested bunch was weighed at the foot of the palm by using a spring balance attached to a tripod. Carrying bunches to a central point for weighing is not convenient, mainly because the stacked fronds in the inter-row cause hardship to workers in their displacements. Recording yield at the foot of each palm is therefore preferred. The possibility of identifying outstanding tenera for clonal propagation is an additional advantage. Individual palm recording also permits more careful checking of harvesting standards and loose fruit collection.


The fresh fruit bunch (FFB) yield is a function of the number of bunches (BNO) produced annually and the average bunch weight (ABWT) during the year. FFB is the sum of bunch weights recorded for each palm during one annum, ABWT being equal to the ratio FFB/BNO. The count of bunches harvested throughout the year gives BNO.

2.2.2. Experimental design


The progenies under testing were planted in a randomized complete block design (RCBD) with two replications in each location. Each block was made of 13 plots, each plot planted with 16 palms providing from the same biparental mating of dura x pisifera breeding materials of CMR x DRC or CMR x CMR. The planting densities were 143 and 148 palms/ha for Trial 0.866 at Kluang and Trial 0.350 at Keratong respectively. Appropriate cultural practices were observed in the conduct of the trials, so as to enable an optimum expression of the potential of progenies assayed.  

2.2.3. Statistical analysis


The analysis of variance for all individual characters for single location as well as pooled data for the two trials was processed using the general linear model procedure (PROC GLM) of SAS 9.2 statistical package (SAS Inst. Inc, 2010). The least significance difference (LSD) test at 95% level of significance was used under the mean procedure (PROC MEANS) of SAS package to separate means. This approach was preferred because it permits unequally replicated groups. The harmonic mean for the number of palms was used since the number of palms having been observed and effectively recorded was not equal over all the plots and replications.  


The variance analysis for the estimation of broad-sense heritability was processed through the procedure variance component procedure (PROC VARCOMP) of SAS version 9.2. The expected mean squares (EMS) were generated through Restricted Maximum Likelihood Variance Components Estimation Procedure (REML). 


The Pearson’s correlation coefficients were determined by the use of correlation procedure of SAS (PROC CORR) among the characters under consideration. The coefficient of determination was deducted by squaring the correlation coefficient for deeper investigation of the association between the characters.

3. RESULTS

3.1. Analysis of fresh bunch yield and its components across locations

3.3.1. Analysis of variance, heritability estimation and means’ separation 


The ANOVA of pooled data across locations shows a high significant effect (P<0.01) of the variability of progenies on FFB, BNO and ABWT. Locations have revealed a high significant effect (P<0.01) only for ABWT, whereas their effect is not significant for FFB and BNO. The FFB and BNO show a relative stability across locations. While the location effect on FFB and BNO was not significant, the interaction location x progeny interaction on the three characters was highly significant (Table 1).


Likewise in the comparison of means in individual trials, the progeny PK1875 outperformed the others for FFB yield (159.34 kg/palm/yr) with 15.62 bunches (BNO) and 10.26 kg of ABWT (Table 2). The best performers coming next to PK 1875, viz. PK 1874 (FFB = 151.76 kg/palm/yr) and PK 1944 (FFB = 148.27 kg/palm/yr) are the same as in individual trials, showing no significant difference with the leading progeny (Table 2).


Broad-sense heritability estimates for FFB, BNO and ABW are 24%, 34% and 28% respectively (Table 1). These values are relatively low, certainly due to the effect of non controlled environmental effects which tend to increase the phenotypical variance and hence, minimize the outcome of the ratio equating the heritability value. 


Table 1: Mean Squares, variance components and heritability estimates for bunch yield and components across locations 

	Item
	df
	FFB (kg/ha/yr)
	BNO
	ABWT (kg)

	Location (l)
	1
	1740.84ns
	36.23ns
	55.20**

	Rep(Loc) [r (l - 1)]
	2
	6427.88**
	133.88**
	74.32**

	Progeny (g)
	12
	10443.83**
	183.21**
	39.98**

	g * r (l - 1)
	24
	2719.86**
	25.47**
	3.65ns

	g * l
	12
	1952.32**
	33.23**
	7.37**

	σ2g
	
	128.94
	2.44
	0.53

	σ2 l
	
	0
	0
	0

	σ2r(l - 1)
	
	13.42
	0.38
	0.32

	σ2g*r(l - 1)
	
	109.60
	1.00
	0.06

	σ2g*l
	
	0
	0.23
	0.12

	σ2w
	
	805.62
	10.43
	2.80

	h2b
	
	0.24 (24%)
	0.34 (34%)
	0.28 (28%)

	R2
	
	0.278100
	0.261288
	0.246963

	CV
	
	21.17344
	22.95139
	17.78917

	Root MSE
	
	28.38624
	3.295239
	1.700634   

	Mean
	
	134.0653
	14.35747
	9.559937


**: highly significant (P<0.01); ns: non- significant; r: replication; w: within palms
Table 2: Progenies’ means separation for FFB by LSD method for pooled data

	Progeny
	
	FFB mean
	
	
	BNO mean
	
	
	ABWT mean
	

	
	Pooled
	Trial 0.866
	Trial 0.350
	Pooled
	Trial 0.866
	Trial 0.350
	Pooled
	Trial 0.866
	Trial 0.350

	PK 1875
	159.34 a
	160.58 a
	158.03a
	15.72 ab
	15.88 b
	15.56 abc
	10.28 ab
	10.24 a
	10.31 abcd

	PK 1874
	151.76 ab
	149.53 ab
	154.00 ab
	15.67 ab
	15.68 b
	15.66 ab
	9.84 bc
	9.73 abc
	9.96 cde

	PK 1944
	148.27 bc
	149.78 ab
	146.71 abc
	15.44 ab
	15.70 b
	15.17 abcd
	9.71 bc
	9.50 bc
	9.94 cde

	PK 1721
	139.38 cd
	139.03 bc
	139.97 cd
	15.09 b
	15.74 b
	14.02 cde
	9.46 c
	9.02 cd
	10.15 bcd

	PK 1865
	137.31 d
	133.82 cd
	141.17 bcd
	13.80 c
	14.31 bc
	13.23 e
	10.17 ab
	9.56 abc
	10.84 abc

	PK 1957
	137.24 d
	140.83 bc
	133.11 cde
	16.55 a
	17.64 a
	15.30 abcd
	8.34 d
	7.95 ef
	8.78 fg

	PK 1840
	132.53 de
	127.73 cde
	137.18 cd
	15.53 ab
	14.34 bc
	16.68 a
	8.71 d
	9.07 def
	8.37 g

	PK 1664
	130.71 def
	120.53 def
	140.56 bcd
	15.81 ab
	15.87 b
	15.76 a
	8.36 d
	7.67 f
	9.02 efg

	PK 1792
	126.04 efg
	131.99 cdef
	119.90 efg
	15.00 b
	15.81 b
	14.17 bcde
	8.60 d
	8.58 de
	8.61 fg

	PK 1671
	124.75 efg
	112.75 f
	136.76 cd
	11.36 de
	11.56 d
	12.67 ef
	10.55 a
	9.91  ab
	11.19 a

	PK 1668
	122.11 fg
	116.56 ef
	127.85 def
	12.77 cd
	11.82 d
	13.74 de
	9.91 bc
	10.24 a
	9.57 def

	PK 1657
	118.62 g
	120.33 def
	116.80 fg
	11.36 e
	11.95 d
	10.72 g
	10.57 a
	10.24 a
	10.93 ab

	PK 1676
	117.71 g
	123.14 def
	112.29 g
	12.17 de
	13.12 cd
	11.22 fg
	9.75 bc
	9.34 bc
	10.17 bcd

	LSD(0.05)
	10.35
	14.82
	13.84
	1.18
	1.70
	1.56
	0.61
	0.74
	0.96


Note:  Means within the same column followed by the same letter are not significantly different


Figures in bold are maximum and minimum values

3.3.2 Correlation analysis of fresh fruit bunch yield and its components across locations


The correlation analysis of pooled data across locations shows the same trend as observed in Trial 0.866 and Trial 0.350. FFB is positively and highly significantly correlated to BNO (r = 0.73) and ABWT (r = 0.26). BNO and ABWT are negatively correlated (r = -0.44) showing an antagonistic effect of the two characters in the performance of oil palms. Correlation analysis for individual locations revealed a higher magnitude of the correlation between ABWT and BNO in Keratong (r = -0.49%) as compared to Kluang (r = -0.34%). The correlation coefficients between FFB and BNO were 0.23% and 0.28% in Kluang (Trial 0.866) and Keratong (Trial 0.350) respectively. The association between FFB and BNO was higher in Kluang (r = 0.77) than in Keratong (r = 0.67%).   The magnitude of the coefficient of determination between FFB and BNO (r2 = 53%) is greater than that of FFB with ABWT (r2 = 7%) for pooled data across location. The same trend is observed for individual locations. This implies that the total variation in FFB can be explained to a great extend by the linear association between FFB and ABWT as compared to the linear association between FFB and BNO. The best performers among the progenies appear to combine a high BNO with an average to high ABWT.

4. DISCUSSION

4.1. Analysis of variance and performance of populations


The analysis of variance for individual trials as well for pooled data has revealed the presence of significant genotypic variability among progenies under testing, accounting for a large proportion of the observed variation of performances. The locations scored general performances which are comparable for FFB and BNO, but differ from one location to the other for ABWT (Table 1). This could be attributable to the similarity of the two environments in the supply of growing conditions for the palms. Better husbandry conditions and additional locations which contrast sufficiently could be helpful in the assessment of the genotype-by-environment interactions. 


A study conducted by Mohd Din et al. (2005) on the same materials gave results similar to the current assessment. The Cameroon pisifera palm 0.218/1847 scored the best general combining ability for FFB and BNO as compared to its DRC (ex-Zaire) pisifera counterpart palm 0,221/247 when crossed with the same Cameroon dura palms. The superiority of Cameroon pisifera palm was confirmed as the best performers for FFB (in both individual and combined data analysis) were the progenies PK 1875, 1874 and 1944 obtained from the Cameroon pisifera palm 0.218/1847. In the context of this study, this superiority could be attributable to the highest specific combing ability of this pollen donor. As revealed by the pooled data analysis, five out of the six best performers were from CMR x CMR outcrosses viz. PK 1875, 1874, 1944, 1865 and 1957 (Table 2).

4.2. Heritability estimates and correlation among characters


Broad-sense heritability estimates are low for the three characters in both single and combined trial data. This could be due to the limited number of parental materials (two pollen donors and five dura female parents) and the high influence of the environment on polygenic characters such as FFB and its components (Kang, 1994). Other related studies on D x P progeny testing have revealed higher broad-sense heritability estimates than has been obtained in this research work (Okoye et al., 2009; Rafii et al., 2002; Kushairi, 1998). The heritability values obtained are not very useful to operate selection because it has been observed that traits with high heritability can be used for mass and individual selection. However, for traits with low heritability, the best alternative to follow is family selection (Soh, 1988). 

5. Conclusion

The analysis of variance (ANOVA) for the bunch yield and its components has revealed that the progeny variability has a high significant effect on the phenotypic expression for fresh fruit bunch (FFB), bunch number (BNO) and average bunch weight (ABWT). The contribution of the environmental effects is relatively high, and this is evidenced by the low heritability estimates for the characters in individual as well as combined trial data (h2B < 30%). The contribution of non-genetic factors to the overall phenotypic variance is considerably high. Despite this discrepancy, progenies deriving from CMR x CMR crosses have shown a relatively higher performance compared to those from CMR x RDC for fresh fruit bunch (FFB). The progenies PK 1875 (CMR x CMR) emerged as the best performer on the individual trial basis as well as for pooled data across locations. 
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