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ABSTRACT

Statistical investigation of the effect of soil composts (Factor A) and rock phosphate (Factor B) on the growth
characteristics of oil palm tree was carried out at 5% level of significance. Consequently, the results showed that there
are significant effects of these factors on the growth characteristics of oil palm tree. There is also a significant interaction

effect of soil composts and rock phosphate on the growth characteristics.
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INTRODUCTION

In this work, we shall investigate the effects of Soil
Compost and Rock Phosphate on the growth
characteristics of Oil Palm trees. The growth
characteristics considered in this work are: Number of
Leaves LEF), Height (HGT), Girth (GTH), Fresh Weight
Leaves (FWL), Fresh Weight Root (FWR), Fresh Weight
Total (FWT), Dry Weight Leaves DWL), Dry Weight
Root (DWR) and Dry Weight Total (DWT) respectively.
According to Pratt and Tort (1990), Hill and Wiles
(1975), the investigation shall involve the use of Factorial
design experiment to achieve the desired results. Hence,
the factorial design experiment becomes useful in testing
the effects of two or more factors, or their interaction
effects on the response variables (Box et al., 2005; Box,
1990; Hunter, 1994).

Now, let the soil Compost and Rock Phosphate be
“Factor A” and “Factor B” at ith and jth levels of
experiment respectively. Accordingly Montgomery (1991)
the Factorial model for the experiment is defined as

i= (1)L, j = 1(1)m, k =1(1)n
X =p+a,+ B +¢; +€;,1 =114, j=1(1)5,k =1(1)3

(1.1)
where

X =response (value) from i" level of soil compost

1 = Overall meanvalue
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a, =Maineffect of soil compostati” level

B; =Maineffect of rock phosphate at j™ level
; = interaction effect of soil
phosphate at (i, j)" level

€5 = N(0,67) is therandomerror

compost and rock

Due to cost of experimentation, we make a choice of L =
4 and m =5 levels of experiment at n = 3 replications in
equation(1.1). This result to 4x5 factorial design of
experiment for investigating the effects of factor A,
Factor B, and their interactions on the growth
characteristics of Oil Palm tree respectively.

MATERIALS AND METHODS

Under
exploiting model (1.1), the estimates of the parameters 2,
@;, f;and @; are (Box et al., 2005).
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We formulate the test hypotheses as follows:

@) Ho: a,=0, for i=1(1)4 (No mean effect of soil
compost on the growth characteristics of oil palm tree)
Versus H; @ ¢ #0, for at leasta main effectof i
(There is mean effect of soil compost on the growth
characteristics of oil palm tree)

b) He: B;=0, for j=1(1)5 (No mean effect of rock
phosphate on the growth characteristics of oil palm
tree)

Versus H; : 3, # 0, for at leasta main effectof ]
(There is mean effect of rock phosphate on the
growth characteristics of oil palm tree)

¢) H : ¢i”- #0, for at least one (i, j) (There is
interaction effect)

Under the null hypotheses (Cochram and Cox, 1957) in

(2), (b) and (c), and for €, ~ N(o, o?), the F-statistics

for the soil compost (Factor A), rock phosphate (Factor B)

and interaction (AB) are:

MSS MSS MSS
W= Fp=—"2 and F, =——&  (21)
MSE MSE MSE
respectively, where MSS,, MSSg, MSSag and MSE are

the mean sum of squares for factor A, factor B, interaction
AB and error respectively.

Table 2. Presentation of Data.

These statistics Fa, Fg and Fag are F-distributed with
degree of freedom (v, = 3, v, = 40), (v = 4, v, = 40) and
(vi = 12, v, = 40) respectively. Thus, the analysis of
variance (ANOVA) table associated with the 4 x 5
factorial design is given below (Table 1):

Table 1. ANOVA table for 4 x 5 Factorial Design.

Source of Degree Sum of Mean
ot of sum of F-value
variation squares
freedom squares
Soil 3 SSA MSS, =ﬁ F - MSSA
compost 3 AT MSE
(Factor A)
Rock 4 SSB MSS, :ﬁ E = MSSB
phosphate 8 = MSE
(Factor B)
. SS,
Interaction 12 SSaB | Mss,, =224 _MSSy
(AB) 12 MSE
40 SSE | wse-=E
Error 40

Data Collection

The data (Table 2) for this analysis were collected from
Department of Statistics, Nigeria Institute for Oil Palm
Research (NIFOR) at Benin City, Edo State, Nigeria. The
data are on a factorial experiment conducted on the effect

Soil Rock REPLICATION 1

compost phosphate LEF HGT GTH FWL | FWR | FWT | DWL | DWR | DWT
0 11 61 11 95.6 83 178.6 24.9 15.5 40.4

50 11 61 11 96.1 49.4 145.3 29.7 13.1 42.8

0 100 11 50 10.5 70.4 46.4 116.8 18.3 8.6 26.9
150 13 58 11.5 96.7 69.9 166.6 26.7 14.3 41

200 13 69 8 58.9 54 112.9 15.7 9.4 25.3

0 11 70 13 91.8 90.9 182.7 22.7 17.4 40.1

50 12 71 12 86 47.1 133.1 27.9 13.6 41.5

10 100 13 60 13 89.3 91.8 181.1 25.4 17.8 43.2
150 13 62 13.5 115.3 97.5 212.8 32.2 18.2 50.4

200 12 62 11.5 86.2 95.8 182 23.7 19.4 43.1

0 12 76 14 153.5 129.3 282.8 40.2 24.4 64.2

50 12 73 13.5 135.2 96.6 231.8 37.7 21.6 59.3

20 100 12 71 13 115.6 65.5 181.1 42.8 7.5 50.3
150 12 61 10 104.1 97.7 201.8 29.2 19.8 49

200 10 63 11.5 80.3 47.5 127.8 24.5 10.6 35.1

0 13 52 11 67.7 49.6 117.3 18.8 12.9 31.7
50 12 57 11 62.1 46.8 108.9 18.1 9.9 28

30 100 12 58 12 80.6 80.5 161.1 25.5 17.1 42.6
150 12 65 10.5 68.3 56.5 124.8 *x *x *x

200 11 62 13 84.5 63.2 147.7 23.4 15.4 38.8

Continued...
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Table 2 continued

) Rock REPLICATION 2
Soil compost | phate [ LEF | HGT | GTH | FWL | FWR | FWT | DWL | DWR | DWT
0 12 67 115 | 894 | 744 | 1638 | 257 | 152 | 409
50 11 56 9 75 | 572 | 1322 | 219 | 155 | 37.4
0 100 12 60 95 | 914 | 543 | 1457 | 245 | 105 | 25
150 12 69 105 | 883 | 695 | 157.8 | 249 | 135 | 384
200 12 61 10 | 786 | 565 | 1441 | 261 | 122 | 383
0 13 76 15 154 | 865 | 2407 | 456 | 162 | 618
50 13 61 14 | 1071 | 655 | 1726 | 33 161 | 49.1
10 100 11 66 12 926 | 678 | 1604 | 269 | 169 | 438
150 13 64 12 | 1001 | 726 | 1737 | 264 | 163 | 427
200 11 56 11 802 | 607 | 1409 | 21.7 | 132 | 349
0 13 78 13 | 1582 | 843 | 2425 | 469 | 181 | 65
50 13 78 11 | 1133 | 511 | 1644 | 384 | 126 | 51
20 100 11 74 13 | 1056 | 693 | 1749 | 308 | 145 | 453
150 12 55 14 | 96 | 577 | 1543 | 263 | 134 | 39.7
200 12 64 10 | 787 | 736 | 1523 | 236 16 | 396
0 10 60 10 | 668 | 571 | 1239 | 18 114 | 294
50 11 61 12 816 | 961 | 1777 | 21 249 | 45.9
30 100 11 65 14 | 705 | 108 | 1789 | 211 | 242 | 453
150 11 53 14 76 105 | 1813 | 213 | 212 | 425
200 12 68 11 744 | 89 | 1634 | 235 | 18.7 | 422
) Rock REPLICATION 3
Soil compost |- cohate [ LEF | HGT | GTH | FWL | FWR | FWT | DWL | DWR | DWT
0 12 58 11 | 775 | 368 | 1143 | 272 | 88 30
50 11 57 | 105 | 67.6 | 428 | 1104 | 199 | 118 | 317
0 100 12 70 12 | 717 | 448 | 1165 | 197 | 11.9 | 316
150 12 63 | 135 | 904 | 67 | 1574 | 252 | 172 | 424
200 12 61 13 | 823 | 662 | 1485 | 24 16 40
0 13 63 11 | 973 | 458 | 1435 | 258 | 118 | 376
50 11 70 13 | 1126 | 668 | 1794 | 411 | 164 | 575
10 100 12 66 | 135 | 1085 | 722 | 1087 | 28 | 156 | 436
150 11 61 | 115 | 1017 | 796 | 1813 | 309 | 185 | 494
200 12 64 10 71 | 505 | 1215 | 204 | 129 | 333
0 13 57 12 | 925 | 621 | 1546 | 281 | 17.7 | 458
50 13 80 | 145 | 1696 | 955 | 265.1 | 60.3 | 249 | 852
20 100 11 74 12 | 1005 | 68.1 | 1686 | 318 | 175 | 49.3
150 13 64 11 79 | 546 | 1336 | 23 | 136 | 366
200 10 67 7 646 | 518 | 1164 | 188 | 132 | 32
0 11 56 12 | 938 | 881 | 1819 | 30 | 186 | 486
50 11 55 10 | 693 | 791 | 1484 | 22 | 211 | 431
30 100 11 58 95 | 874 | 829 | 1703 | 26.8 | 209 | 477
150 13 55 10 | 866 | 884 | 175 | 257 | 236 | 49.3
200 12 59 95 | 884 | 1411 | 2295 | 27 30 57

of two factors namely soil compost (Factor A) at four
levels and rock phosphate (Factor B) at five levels on the
growth characteristics of oil palm tree which of course are

the responses.

The growth characteristics measured are as follows:
Number of leaves (LEF), Height (HGT), Girth (GTH),
Fresh Weight leaves (FWL), Fresh weight root (FWR),
Fresh weight total (FWT), Dry weight leaves (DWL), Dry
weight root (DWR) and Dry weight total (DWT).
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Analysis of Data
The analysis of data was done using statistical package
SAS/STAT. The results are shown in the tables 3-13

below:

Table 3. ANOVA for lef.

Table 7. ANOVA for FWR.

Source of Degree of | Sum of Mean sum F-

variation freedom squares of squares | value

Soil compost

(factor A) 3 2.33 0.78 1.17

Rock

phosphate 4 4.00 1.00 1.50

(factor B)

Interaction

(AB) 12 11.33 0.94 1.42
Table 4. ANOVA for HGT.

Source of Degree of Sum of Mean sum F-

variation freedom squares of squares | value

Factor A:

Soil 3 858.00 286.00 10.15

compost

Factor B:

Rock 4 135.60 33.90 1.20

phosphate

Interaction

AB 12 730.00 60.83 2.16
Table 5. ANOVA for GTH.

Source of Degree of Sum of Mean sum F-

variation freedom squares of squares | value

Factor A:

Soil 3 21.75 7.25 3.04

compost

Factor B:

Rock 4 20.96 5.24 2.19

phosphate

Interaction

AB 12 22.61 1.88 0.79
Table 6. ANOVA for FWL.

Source of Degree of Sum of Mean sum F-

variation freedom squares of squares value

Factor A:

Soil 3 10240.51 3413.50 12.88

compost

Factor B:

Rock 4 4276.99 1069.25 4.03

phosphate

Jeraction 12 763363 | 63614 | 2.40

Source of Degree of | Sum of Mean sum F-
variation freedom squares of squares value
Factor A:
Soil 3 4426.04 1475.35 3.63
compost
Factor B:
Rock 4 766.24 191.56 0.47
phosphate
Interaction 12 641272 | 53439 | 132
AB
Table 8. ANOVA FOR FWT.
Source of Degree of Sum of Mean sum F-
variation freedom squares of squares | value
Factor A:
Soil 3 16570.97 5523.66 494
compost
Factor B:
Rock 4 5463.76 1365.94 1.22
sulphate
Interaction 12 23141.04 | 192842 | 172
AB
Table 9. ANOVA for DWL.
Source of Degree of | Sum of Mean sum F-
variation freedom squares of squares | value
Factor A:
Soil 3 1001.10 333.70 9.65
compost
Factor B:
Rock 4 545.40 136.35 3.94
phosphate
Interaction
AB 12 873.17 72.76 2.10
Table 10. ANOVA for DWR.
Source of Degree of | Sum of Mean sum F-
variation freedom squares of squares value
Factor A:
Soil 3 311.25 103.75 6.46
compost
Factor B:
Rock 4 45.31 11.33 0.71
phosphate
Interaction
AB 12 256.98 21.42 1.33
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Table 11. ANOVA for DWT.

Source of Degree of | Sum of Mean sum F-
variation freedom squares of squares value
Factor A:

Soil 3 1598.63 532.88 8.32
compost

Factor B:

Rock 4 609.25 152.31 2.38
phosphate

Jraction 12 1903.16 | 15860 | 2.48

Table 12. F-value and F-table at 5% level of significance.
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Based on the analysis, we are 95% confident that:
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GTH, FWR, DWR, DWT, DWL. FWT and FWL

ii.  The rock phosphate had a significant effect on
FWL and DWL.

iii. The soil composts had no significant effect on LEF

iv. The rock phosphate interaction effect of soil
compost and rock phosphate on LEF, HGT, GTH,
FWR, FWT, DWR and DWT

2 There is significant interaction effect of soil
compost and rock phosphate on HGT, FWL, DWL
and DWT

Vi. There is no significant interaction effect of soil
compost and rock phosphate on LEF, GTH, FWR,
FWT and DWR.
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