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Abstract 
Mixed model analysis procedure was used to analyze the effect of fertilizer application on the 
Fresh Fruit Bunch (FFB) yield of oil palm. This was with a view to achieve the most appropriate 
and a robust model for analyzing yield response for fertilizer application in oil palm. In this study, 
a mixed model analysis procedure was used to analyze yield data obtained from a fertilizer trial 
conducted between 1997 and 2005. In mixed effect model, replicates and years were used as block. 
In contrast the fixed effect ANOVA model usually lumped up replicates and years as a random er-
ror. In the model replicates were used as block with no block interaction, replicates as block with 
allowance for block-fertilizer interaction, years as block with allowance for block-fertilizer inte-
raction, and years and replicates as block with allowance for year fertilizer and replicate-fertilizer 
interaction. Mixed model theory was also used to provide the explicit description of the design 
matrices in the models. Also, hypotheses relevant to each model were formulated and used to test 
for specific effects in the models such as, fixed part, random part and interacting parts using ap-
propriate error terms as determined by the derived Expected Mean Squares (EMS). The results 
revealed that at 5% significant level (p < 0.05), the combination of Potassium (K) at 3.5 kg and 
magnesium (Mg) at 1.7 kg was sufficient for bunch yield of oil palm as the effect of fertilizer appli-
cation was significant in the interactions of K and Mg due to treatment. 
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1. Introduction 
Oil palm fertilizer trials are often large, complex, expensive and need time to accomplish. Usually, fixed effect 
ANOVA is a common tool in resolving yield responses in fertilizers in the oil palm. Thus, properly designed 
and analyzed experiments provide the maximum amount of information about the conditions investigated for the 
resources used. Experimental design is concerned with planning experiments in order to obtain the maximum 
amount of information from the available resources. Often the experimenter has control over certain treatments 
effect and populations, or treatments combinations. The experimenter generally controls the choice of the expe-
rimental units and whether those experimental units need to be put into groups or blocks, depending on what are 
to be compared or whose effects are to be studied. Hence, we seek to enhance strategies of applying mixed 
model analysis procedure for fertilizer experimentation on oil palm. The insights reveal the advantage of using 
mixed model analysis for potassium (K) and magnesium (Mg) fertilizer trials. In that the model identifies certain 
effects that are hidden in Analysis of Variance (ANOVA). 

The model for data from a randomized blocks design should usually contain fixed effects for treatment con-
tributions and random effects for block contributions, making it a mixed model. Hence with the mixed proce-
dure the problems arising from balanced and unbalanced data, correlated data, missing plots, unequal numbers 
of samples and unequal variances associated with the use of Analysis of variance (Fixed effect) techniques will 
be resolved. This work attempts to employ mixed model to a fertilizer experiment conducted by NIFOR scientist 
in the influence of potassium and magnesium fertilizer on fresh fruit bunch yield of oil palm. 

Airy [1] gave the first known formulation of a variance components model while considering a standard 
measurement problem in astronomy. Benjamin and Amy [2] proposed a simple approach for testing random ef-
fects in the linear mixed model using Bayes factors. Brien and Bailey [3] described the method for formulating a 
mixed model for an experiment without describing explicitly how data with longitudinal observations might be 
handled. Chi and Reinsel [4] considered the linear mixed model when the variance-covariance matrix of the 
random errors had the structure of an autoregressive process of order 1. Chiarandini and Goegebeur [5] reviewed 
linear statistical models for the analysis of computational experiments. These models separated the effects of 
algorithmic components and instance features included in the analysis. Crump [6] considered maximum likelih-
ood estimation for normal distribution variance components models, whose optimization was usually done 
through the use of the Expectation-Maximization (EM) algorithm, Dempster et al. [7] and Newton-Raphson 
methods (Thisted [8]), but the latter was seen to be more efficient than the former (Lindstrom and Bates [9]). 
Duchateau et al. [10] applied mixed model analysis in veterinary research by fixing data structure in mixed 
models notation by comparing doses of drug at different experimental design units such as completely rando-
mized design, randomized block design and split-plot design, where they specified the complex data structures 
in a natural way in the mixed model framework. Fisher [11] [12] introduced ANOVA method to estimate the 
variance components through the use of expected mean squares. Foster [13] [14] emphasized on the fertilizer 
requirements of oil palm which depended on many interrelated factors that varied from one environment to 
another. Gelfand et al [15] presented a Bayesian analysis of the generalized linear mixed model using the Gibbs 
sampler. Gelman [16] stated that a regression model, possibly with multiple error terms and conversely ANOVA 
tools, can be used to summarize an existing linear model. Hartley and Rao [17] made landmark contributions to 
the theory of maximum likelihood estimation for variance components, and established the first asymptotic re-
sults for MLE. Harville [18] [19] presented a comprehensive review of maximum likelihood estimation in linear 
mixed effects models, and introduced the general linear mixed model structure in matrix notation. Henderson 
[20]-[23] worked extensively on ANOVA estimation for unbalanced data, and evolved three ANOVA methods 
that were later known as Henderson methods. Maximum likelihood estimation in linear mixed models for re-
peated measures with structured variance-covariance matrices was considered by Jenrich and Schluchter [24], 
and this was extended to the general linear mixed effects models by Wolfinger et al. (1991), with some attention 
given also to the restricted maximum likelihood method. Laird and Ware [25] presented a general linear mixed 
effects model for repeated measures data and suggested the use of the EM algorithm for obtaining restricted 
maximum likelihood estimators of the variance-covariance components. Liang and Zeger [26] described the ge-
neralized linear model with allowance for a more flexible error structure that was not restricted to be normally 
distributed, and further introduced the idea of a link function. This model is a competitor of the nonlinear mixed 
effects model. Makinde et al. [27] conducted a field experiment to investigate the effects of organic, organomi-
neral and NPK fertilizer on the yield of Amaranthus cruentus L. using a randomized complete block design in 
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four replications and the data was analyzed using ANOVA. Melaniel and Gary [28] applied mixed model for the 
analysis of replicated spatial point patterns by carrying out a simulation experiment on parameter estimation 
where the fixed effect and mixed effect models were compared. Miller [29] went further in establishing and 
giving conditions under which asymptotic results held for a large class of variance components models. The 
asymptotic distribution of the estimates of Maximum Likelihood for mixed effects ANOVA models was derived, 
by Miller following the work by Hartley and Rao [17], but the results had not been extended to more general li-
near mixed effects models. ONeill stated that the likelihood of such random sample of size n is simply the prod-
uct of the density function of the Normal distribution evaluated at each of the data point. Patterson and Thomp-
son [30] developed the restricted maximum likelihood (REML) method for unbiased estimates of variance 
components through the use of maximum likelihood principle. Piepho et al. [31] [32] derived the mixed models 
for experiments which involve longitudinal observations. Smith et al. [33] provided an overview for current 
mixed model approaches in the analysis of crop cultivar breeding and evaluation trials. Tippet [8] further clari-
fied the use of the ANOVA method for analysis of variance designs and extended it to 2-way crossed classifica-
tion mixed effects models. The normal distribution of the random effects was replaced by a multivariate 
t-distribution by Wakefield et al [34]. Witkovský [35] developed a flexible MATLAB algorithm mixed model to 
estimate the parameters of the linear mixed model. Yeboah et al. [36] evaluated the effect of organic and inor-
ganic fertilizer on the growth and yield of Artemisia annual. The experiment was arranged in a randomized 
complete block design with three replications and six treatments. The data were statistical analysis using Genstat 
at 5%. Zhu Jun [37] used mixed models approaches to estimate genetic covariance between two traits with un-
equal design matrices. He developed an application to demonstrate how to estimate covariance components be-
tween seed traits and maternal plant traits. Minimum Norm Quadratic Estimators (MINQUE) (0/1) method, 
which was a MINQUE method setting 0 for prior covariance between direct and maternal effects and 1 for other 
prior covariance, was shown to be suitable for estimating covariance components without using iteration. 

2. Material and Method 
2.1. Geographical Features of the Study Area 
This study was conducted at the Okomu Oil Palm Plantation at Udo near Benin City, Nigeria (05037’E, 
06033’N and 149 m above sea level). Benin City lies in the rainforest zone of Nigeria and is characterized by 
high annual rainfall (mean 1800 mm p.a.) from March to October, with mean maximum temperature of 330C 
and mean minimum temperature of 210C. However, Okomu altitude is lower than Benin City which is 90 m 
above sea level. The natural vegetation of this area is the low land type tropical rain-forest, which composed of a 
variety of hard wood timbers. The rainforest vegetation in Edo State is among the vegetation that represents the 
climax vegetation of the Nigerian forest. In the Northern part of the State, the vegetation consists of woody sa-
vannah featuring tree species like Parkia biglobosa. The soil in the study area is sandy. The soils derived from 
the basement complex rocks are mostly well drained with fine textures which are of high agricultural values for 
the production of both tree and arable crops. 

2.2. Data Colections 
The data were collected from a commercial plantation, the Okomu Oil Palm Plc, Udo, Nigeria. A 5 × 4 factorial 
experiment arranged in a randomized complete block design in four (4) replications was laid out. The field was 
planted with tenera hybrid obtained from NIFOR, on plot fully guarded with eight (8) palms. Potassium (K) was 
applied at five levels as muriate of potash (MOP) (0, 1.5, 2.5, 3.5 and 4.5 kg per palm) while Magnesium (Mg) 
was applied at four levels as ground dolomite (0, 0.8, 1.7 and 2.6 kg per palm). The total numbers and weights 
of bunches, harvested in each year were recorded and the total bunch weight for each was recorded respectively. 
Four blocking design models were developed to account for possible sources of variability in this experiment 
according to potassium at 0, 1.5, 2.5, 3.5, 4.5 kg as the level vary from 1, 2, 3, 4, 5 and also for magnesium 0, 
0.8, 1.7, 2.6 kg as level 1, 2, 3, 4. 

2.3. Soil Test 
The soil of the trial site was analyzed prior to commencement of the study as showed in Table 1. Pre-trial ferti-
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lization history of the field was obtained from the estate. Prior to commencement of the experiment, the field 
had received fertilizer treatments as follows: 
• 1994: 0.14 kg urea, 0.07 kg single super phosphate and 0.07 kg muriate of potash per palm, 
• 1995: 1.2 kg per palm of muriate of potash and 0.05 kg dolomite per palm, 
• 1996: 1.0 kg muriate of potash per palm only in April. 

Therefore at the commencement of the tial in 1997, the treatment of 1.5, 2.5, 3.5 and 4.5 kg per palm of mu-
riate received 1 kg less than the required dose. In subsequent years the full doses intended were applied. 

Lead and soil sample were obtained prior to the first treatment applications in 1997. Soils were obtained from 
the base of palms in each treatment to a depth of 30 cm. Leaf samples were obtained. Soil and leaf samples were 
obtained in a similar manner in subsequent years just prior to fertilizer treatment application. Samples were 
analyzed in the Chemistry Division of the Institute. Records of fresh fruits bunch numbers and bunch weights 
were obtained from the treatment palm at bunch harvest, usually every fortnight. 

Table 2 shows the physical and chemical properties of a typical soil profile of the trial site at Okomu. 

2.4. Model Formulation 
Different models were developed according to their blocking and interaction in characteristics. They are as fol-
lows: 

Model A: Replicates as Block with no Block Interaction. 

( )ijk i j k ij
Y r ijkµ α β αβ= + + + + +                         (1) 

for, i = 1, 2, 3, 4, 5; j = 1, 2, 3, 4; k = 1, 2, 3, 4; 
where: 

Yijk = Bunch weight for palm fruits for plant replication k with potassium at level i and magnesium at level j. 
µ  = Overall mean. 
αi = Specific fixed effect of potassium at level i. 
βj = Specific fixed effect of the magnesium at level j. 

 
Table 1. Soil chemical analysis of field, okomu oil palm Co. Plc before first fertilizer treatment. 

pH(H2O) 4.100 

N(%) 0.096 

Available P(Mg∙kg−1) 5.500 

pH(H2O) 1:1 5.800 

Exch. K∙c∙mol∙kg−1 0.030 

Exch. Mg∙c∙mol∙kg−1 0.380 

Exch. Ca∙c∙mol∙kg−1 1.420 

Exch. Na∙c∙mol∙kg−1 0.360 

 
Table 2. Physical and chemical properties of a typical soil profile          

Depth (cm) Clay Silt Sand pH(H2O) N Orgc K Ca Mg H- Al+ ECEC 

% c∙mol∙kg−1 

0 - 13 17.1 2.70 80.20 5.30 0.12 2.43 0.10 2.00 1.44 0.60 1.70 6.09 

13 - 45 24.1 2.70 73.20 5.50 0.08 0.73 0.07 1.60 0.72 1.40 1.90 5.93 

45 - 72 25.6 2.20 72.20 5.50 0.06 0.67 0.05 1.52 0.40 0.30 1.70 4.19 

72 - 110 27.6 2.20 70.20 5.60 0.04 0.48 0.04 1.50 0.24 1.10 1.50 4.57 

110 - 142 28.6 2.70 68.70 5.60 0.02 0.22 0.04 1.36 0.16 0.30 1.80 3.84 
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rk = Specific random effect of kth block replicate. 
(αβ)ij = Interaction effect between potassium at level i and magnesium at level j. 
ijk = Random error of plant in replication k to which fertilizer at levels i of potassium and j of magnesium has 

been applied, 
( )i j ij

µ α β αβ+ + +  is the fixed effects part of the model and 
rk + ijk is the random effects part of the model. 
The error term ijk are independent normal random variables with mean zero and variance. 
Model B: Replicates as Block with Allowance for Block-Fertilizer Interaction. 

( ) ( ) ( )ijk i j k ij ik jk
Y r r r ijkµ α β αβ α β= + + + + + + +                       (2) 

for, i = 1, 2, 3, 4, 5; j = 1, 2, 3, 4; k = 1, 2, 3, 4; 
where: 

Yijk = Bunch weight for palm fruits for plant in replication at level k with potassium at level i and magnesium 
at level j. 

µ  = Overall mean. 
αi = Specific fixed effect of the potassium at level i. 
βj = Specific fixed effect of the magnesium at level j. 
rk = Specific effect of the kth blocked replicate. 
(αβ)ij = Interaction effect between potassium at level i and magnesium at level j. 
(βr)jk = Interaction effect between blocked replication k and magnesium at level j. 
(αr)jk = Interaction effect between block at replication k and potassium at level i. 
ijk = Random error of plant in replication k to which fertilizer at level i of potassium and j of magnesium has 

been applied. 
( )i j ij

µ α β αβ+ + +  is the fixed effects part of the model and 
ri + (αr)ki + (βr)kj + ijk is the random effects part of the model. The error term ijk are independent normal ran-

dom variables with mean zero and variance σ2 
Model C: Years as Block with Allowance for Block-Fertilizer Interaction. 

( ) ( ) ( ) ( )ijkl i j k l ij il jl ijl
Y r t t t t ijklµ α β αβ α β αβ= + + + + + + + + +                 (3) 

for, i = 1, 2, 3, 4, 5; j = 1, 2, 3, 4,; k = 1, 2, 3, 4; l = 1, 2, 3, 4, 5.  
where: 

Yijkl = Bunch weight for palm fruits for plant in year l with potassium at level i and magnesium at level j, rep-
licates at level k. 

µ  = Overall mean. 
αi = Specific fixed effect of the potassium at level i. 
βj = Specific fixed effect of the magnesium at level j. 
rk = specific effect of replicate at level k. 
tl = specific random effect of time of year l. 
(αt)il = Interaction effect between block at year l and potassium at level i. 
(βt)jl = Interaction effect between block at year l and magnesium at level j. 
(αβ)ij = Interaction effect between potassium at level j and magnesium at level j. 
(αβt)ijl = Interaction effect between block, potassium and magnesium at levels i, j and l respectively.  
ijkl = Random error of plant in year l in replication k to which fertilizer level i of potassium and j of magne-

sium has been applied. 
µ··· + αj + βj + rk + (αβ)ij is the fixed effects part of the model and tl + (αt)il + (βt)jl + (αβt)ijl + ijkl is the random 

effects of the model, 
βi, αj, and rk are constants subject to the restriction: βj = αi = rk = 0 
(αβ)ij, (αr)ik, (βαr)ijk are constant subject to the restrictions that the sums over any subscript are zero. ijkl are 

independent N(0, σ2). 
Model D: Years and Replicates as Block with Allowance for Year-Fertilizer and Replicate-Fertilizer Interac-

tion. 

( ) ( ) ( ) ( ) ( ) ( ) ( )ijkl i j k l ij il jl ik jk ijk ijl
Y r t t t r r r t ijklµ α β αβ α β α β αβ αβ= + + + + + + + + + + + +      (4) 
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for, i = 1, 2, 3, 4, 5; j = 1, 2, 3, 4,; k = 1, 2, 3, 4; l = 1, 2, 3, 4, 5. 
where: 

Yijkl = Bunch weight for palm fruits for plant in year l with potassium at level i and magnesium at level j rep-
licated at level k. 

µ··· = Overall mean. 
αi = Specific fixed effect of the potassium at level i. 
βi = Specific fixed effect of the magnesium at level j. 
rk = specific of replicate at level k. 
tl = specific random effect of year l. 
(αt)il = Interaction effect between block at year l and potassium at level i. 
(βt)jl = Interaction effect between block at year l and magnesium at level j. 
(αβ)ij = Interaction effect between potassium at level i and magnesium at level j. 
(αβr)ijl = Interaction effect between block replicate, potassium and magnesium at levels i, j and l respectively. 
(αβt)ijk = Interaction effect between block year, potassium and magnesium at levels l, i and j respectively. 
ijkl = Random error of plant l in replication k to which fertilizer levels i of potassium and j of magnesium has 

been applied. 
µ··· + αi + βj + (αβ)ij is the fixed effects part of the model and 
rk + tl + (αt)il + (βt)jl + (αr)ik + (βr)jk + (αβr)ijk + (αβt)ijl + ijkl is the random effects part of the model. 
βj, αi, and τk are constants subject to the restriction. 
βi = αj = τk = 0. 
(βα)ij, (ατ)jk, (βατ)ijk are constant subject to the restrictions that the sums over any subscript are zero. ijkl are 

independent N(0, σ2). 

2.5. Matrix Notation 
The above models A, B, C, and D can be presented in a mixed model for randomized complete block design, 
written in matrix notation (Henderson et al., 1990). 

Y X Zu eβ= + +                                       (5) 
where: 

Y is a n-vector of observations with mean E(Y) = Xβ, X is an n × p, the known design matrix for the fixed ef-
fects, 
β is the p-vector of parameters for fixed effects, 
u is a q-vector of i.i.d random effects with mean E(u) = 0 and variance-covariance matrix var(u) = G, 
Z is an n × q known matrix for the random effects, 
e is an n-vector of i.i.d random error terms with mean E(e) = 0 and variance var(e) = R. 

where: G and R are positive definite matrices. 

2.6. Typical Hypothesis Testing 
H0: There is no significant effect of potassium at different levels of fertilizer potassium application. 

H1: There is significant effect of potassium at different levels of fertilizer potassium application. 
This test is based on the linearly independent pairwise comparisons among the estimated marginal/observed 

means. 

3. Result and Discussion 
The analysis of model A showed that for all 5 years procedure in Table 3 were significant in the block-replication 
at the p-value of the F test (significant at 5% level i.e (p < 0.05). While the analysis further shows that there is 
no significant difference in the level of K, Mg and their interaction of the p-value of the F test (significant at 5% 
level, i.e (p < 0.05). 

The analysis of model B was significant in Table 4, the block-replicates at the p-value of the F test of 5% 
level of significant i.e. (p < 0.05). But the last three years for the mixed procedure show that (p < 0.05) results in 
no significance in the effect of block-replicate on the bunch weight of oil palm. The analysis further shows that 
there was no significant difference in the level of K, Mg, K * Mg, Rep * K and Rep * Mg at (p < 0.05). Howev-
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er, the interaction Rep * K * mg show that there was significant different in the last 3 years of experimentation. 
The analysis of model C in Table 5 showed that procedure were significant for (p < 0.05) in the years effects 

for the first five years of the experimentation. However, for all the five years of the analysis, the years were not 
significant (p < 0.05) for both the ANOVA and MIXED model. 

Further analysis revealed that there was no significant difference in the main effects and the interactions be-
tween all treatments for both the all fixed ANOVA model and Mixed model. The last three years also shows that 
the interaction of years, K and Mg were significant in difference on bunch weight of oil palm. Finally, the inte-
raction of K and Mg show a significant difference in the first two years. This means that the interaction has ef-
fects on the bunch weight. 
 

Table 3. Mixed model analysis for RCBD on influence of K and Mg for model A all 5 years. 

Source of Variation SS DF MS F* P-Value 

Blocks(rep) 3,615,760,339 3 1,205,253,446 34.045 0.000* 

K 57,837,735.8 4 14,459,433.96 0.0408 0.803 

Mg 12,010,924.6 3 4,003,641.539 0.113 0.952 

K * Mg 298,259,830 12 24,854,985.85 0.702 0.750 

Error 1.335E+010 377 35,402,256.26   

Total 1.061E+011 399    

 
Table 4. Mixed model analysis for RCBD on influence of K and Mg for model B All 5 years. 

Source of Variation SS DF MS F* P-Value 

Blocks (Rep) 3,615,760,339 3 1,205,253,446 76.348 0.033 

K 57,837,735.8 4 14,459,433.96 0.425 0.788 

Mg 12,010,924.6 3 4,003,641.539 0.224 0.878 

K * Mg 298,259,830 12 24,854,985.83 0.687 0.752 

Rep * K 408,428,414 12 34,035,701.15 0.941 0.519 

Rep * Mg 161,181,169 9 17,909,018.83 0.495 0.868 

Rep * K * Mg 1,301,704,178 36 36,158,449.39 1.008 0.460 

Error 1.148E+010 320 35,860,427.65   

Total 1.061E+011 399    

 
Table 5. Mixed model analysis for RCBD on influence of K and Mg for model C All 5 years. 

Source of Variation SS DF MS F* P-Value 

Blocks (Year) 1,931,053,391 4 482,763,347.9 41.874 0.005* 

K 57,837,735.8 4 14,459,433.96 0.910 0.482 

Mg 12,010,924.6 3 4,003,641.539 0.270 0.846 

K * Mg 298,259,830 12 24,854,985.83 1.296 0.252 

Year * K 254,341,158 16 15,896,322.34 0.829 0.648 

Year * Mg 177,717,796 12 14,809,816.34 0.772 0.675 

Year * K * Mg 920,506,956 48 19,177,228.24 0.421 1.000 

Error 1.368E+010 300 45,595,972.16   

Total 1.061E+011 399    
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The analysis of model D showed Table 6 that ANOVA and MIXED procedure were significant in the 
block-replication at p = 0.05 of the F test. In the block-year, only ANOVA of last 3 years was not significant. 

The test did not show any significance in the levels of K and Mg and their interaction at p = 0.05 of the F-test. 

4. Conclusions 
This study has presented a general overview for four building models that accounted for possible sources of va-
riance in the experimental trials of potassium and magnesium fertilizer applications on oil palm cultivation. 
Fixed Effect Analysis of Variances (ANOVA) method did not show significant differences in fertilizer treat-
ments application. Hence there was a need to build some blocking models that were classified by their blocking 
and interacting mechanism as stated in the methodology to discern yield differences due to fertilizer treatments. 
Fixed effects represent the different levels of treatment structures for fertilizers application (potassium and 
magnesium). Random effects are included in the models as the replicates and years to be block. The Linear 
Mixed Model (LMM) was arrived at by dividing the mathematical equation into the fixed factors and random 
factors called mixed model equation, based on blocking mechanisms with different blocking interactions, cross-
ing and nesting relationships between factors. 

Thus, 

( ) ( ) ( ) ( ) ( ) ( ) ( )ijkl i j k l ij il jl ik jk ijk ijl
Y r t t t r r r t ijkµ α β αβ α β α β αβ αβ= + + + + + + + + + + + +       (6) 

revealed that the interaction between fertilizer potassium and magnesium showed that potassium at 3.5 kg and 
magnesium at 0 kg was sufficient enough for bunch yield of oil palm at the plantation for the first two years. 
Further evolved soil series specific fertilizer regimes for the oil palm on inland soils of Nigeria were achieved. It 
was also revealed that the blocking mechanism with regards to replicates and years was very significant in their 
various p-values for the different models. 

This work has demonstrated the advantage of using mixed model analysis for potassium (K) and magnesium 
(Mg) fertilizer trials, thus identifying certain effects (no significant level for K and Mg) that were hidden by 
Fixed Effect Analysis of Variance (ANOVA) was applied. The results also showed that potassium level was 
significant at 2.5 kg and above in the application of fertilizers. The test for blocks effect showed that there was 
significant effect in the blocks for the models developed. The analyses of mean yield against yearly application 
of potassium and magnesium showed that the highest yield was recorded in the first year (2000) with a total 
bunch weight of 24,000 kg. The study concluded that contribution from potassium became significant as from 
potassium level 2.5 kg and above even when only the first two years were taken into consideration. 
 

Table 6. Mixed model analysis for RCBD on influence of K and Mg for model D all 5 years. 

Source of Variation SS DF MS F* P-Value 

Blocks (Rep) 3,615,760,339 3 1,205,253,446 76.348 0.033* 

Block (Year) 1,931,053,391 4 482,763,347.9 41.874 0.005* 

K 57,837,735.8 4 14,459,433.96 0.915 0.577 

Mg 12,010,924.6 3 4,003,641.539 0.117 0.950 

K * Mg 298,259,830 12 24,854,985.83 1.172 0.412 

Rep * K 408,428,414 12 34,035,701.15 0.941 0.519 

Rep * Mg 161,181,169 9 17,909,018.83 0.495 0.868 

Year * K 254,341,158 16 15,896,322.38 0.829 0.948 

Year * Mg 177,717,796 12 14,809,816.34 0.772 0.675 

Rep * K * Mg 1,301,704,178 36 36,158,449.39 1.059 0.385 

Year * K * Mg 920,506,956 48 19,177,228.24 0.562 0.991 

Error 8,191,717,546 240 34,132,156.44   

Total 1.061E+011 399    
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The analysis of variance model for Randomized Complete Block Design (RCBD) was developed and used to 
demonstrate the analysis of data with fixed treatment and random block effects. Construction of analysis of va-
riances table for RCBD with expected mean squares for all the models were well presented. Also, hypothesis 
relevant to each model was formulated and used to test for specific effects in the models, such as: fixed part, 
random part and interacting part using appropriate error terms as determined by their expected mean squares and 
restricted likelihood method (variances). The results were then obtained using data from oil palm fertilizer trials 
from NIFOR. The general data for the trials were classified into first two years, last three years and all five 
years. 

However, mixed and ANOVA procedures may coincide with the use of more years in research. 
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