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ABSTRACT

A comparative study on zero tillage and bulldozing, as land preparations for oil palm seedling transplanted inio the field
was conducted at Ayip Eku Ol Palm Estate between 1993 and 2000. The experimental site was a five-year fallow land in which
Panicum maximum (Guinea grass) and Cenirosoma pubescence were dominant fallow species. Three years after planting, the N,

' Mg, K and Na contents of the soil were reduced to half in the z-/0 tillage plots and reduced approximately four fold in the bulidozed. .
plots. The P content of the soil in the zero tillage plots was two times higher than that in the bulldozed plots. After 12 months of
transplanting into the field, zero tillage exerted a higaly significant (P < 0.05) effect on plant growth as evidenced in greater crown
diamefer and the proportion of green leaf biades of the zero tillage plots compared with bulldozed plots. At 8 years a more positive
effect on yield of Fresh fruit bunches (FFB) and on soil nutrient status were recorded in the zero tillage plots compared with

bulldezed soil.
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INTRODUCTION ~

The oil palm (Elaeis guineansis Jacg) is rmonoecious
and cross-pollinated, and individual palme are usually very
hetarozygous. It sirives in a wide range of soils in Nigeria, but
the most important soils for oil palm cultivation are the acid
sands derived from the coastal plan sands and basement

_complex soils of South eastern and Western Nigeria, (Omoti et
" al 1986): Yields are limited and very often drop drastically due
to nutrient deficiency caused by previous cropping, nature of
land preparation, cultivars planted, weather effect such as
prolonged drought resulting in low water table, inadequate
mioisture resulting from low movement of inorganic solutes and
heawvy rains that cause flood, erosion, leaching and assoc:ated
increase in soil acidity.
The basement complex soil of Ayip Eku Qil Palm Estate near
Oban hills has basement rocks consisting mainly of gneisses,
migritires, schists, quarizites and marbles but have emplaced
within them smaller bodies of granite or synenite and
intrusions of more basic amphibolites and olivinrich dykes
{Mudoch et al 1976). The chief features of these basement
cu nplex soils include a sandy surface horizon inderlain by a
weekiy-developed  clayey, moitled, and occasionally
concretionary sub soil (FAO 1966). Bulldozing as a means of
land preparation has widely been adopted in the establishment
of farm lands and tree crop plantations in the tropics especially
where a large scale plantation deveiopment is involved.
Some people seem o support the zero-tillage method, which
is assumed to be cost effective and reduces nutrient losses.
Much research into a comparative effect of zero-tillage with
bulldozing in the plantation agriculivre had not been done.
The objective of this study is to estimate the influence of zero
tillage compared with bulldozing, as means of lana
preparations, on growth parameters, vield and nutrient status
of polybag seedlings transplanied intc the field.

MATERIALS AND METHODS

The experiment was conducted at Ayip Eku Qil Palm
Estale near Calabar, Nigeria and the rainfall values for the

area during the growth period are given in Table 1. Polybag
seedlings which had been planted as germinated seeds from
Nigerian Institute for Oil Palm Research (MIFOR) and
managed in a single stage nursery at Ayip Eku Oil Palm Estate
as outlined by Aya (1976) were transplanted into the field at 10
months age, and used for this study.

This study was carried out for 8 years, 1993 — 2000. The
experimental site was previously cropped with cassava
followed by a four-year fallow in which Panicum maximuin
(Guinea grass) and Centrosoma pubescens were dominart
fallow species.

Soil samples were collected from the experimental site for the
chemical analysis at a sampling depth of 0.20cm 20 — 40cm,

A0 — 60cm, 60 — 80cm of four samples per depth. (Table 2).

Soil analysis was done at Alabama Agric and Mechanical
University, U. S. A., Soil samples were analysed for organic
carbon by dichromate oxidation). Total N (by Kjeldant
digestion) Bray - 1P; and for | N ammonium-acetale
extractable Ca, Mg and K. Effective cation exchange capacity
(ECEC) was obtained by summation..of NH; OAC -
exchangeable bases plus Kcl exchangeable acidity.. Soit PH
was by the use of PH meter (Pye model 291). Poctassium -
chloride — acidity (H* + A1™) was determined by titration with
0.05 N NaOH). The standard procedure as contained in the
method of soil analysis by Black et al (1965) were used tor the
analysis of all the samples. - At 3 years of the experiment, soil
samples were again analysed to determine the values of the
exchangeable cations. A randomised complete block design
was used with four replications, and 25 palms per plot, and
plot size was 50m x 50m at a spacing of 8.8m trianguiar. The
zero tillage area was cleared packed and removed. The
second treatment involved a mechanical use of a bulldozer in
the land preparation, in which the top 30cm of the soil was

- scraped off.

A planting hole deep and wide to just accommodate the entire
polyethylene bag in which the seedling was growing was dug
at each planting site in the field just prior to the planting
exercise. The bag was then stripped off from the soil ball
encampossing the seedling roots, taking care to avoid injury to
the latter and disturbance to the soil ball. The intact ball of
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Table 1: Ave-age rainfall values {mm) for 1993 — 2000 - L P -

Months 1993 1994 | 1984 1996 | 1997 1998 1999 2000 Rainfall
Rainfall (mm) Rainfall (mm) Rainfall (mm) Rainfall (mm)' {(mm)

January | 15.6 16.0 8 1 9.0 24.8 250 216 | 227 (96

February | 40.8 39.9 - 28.6 272 26.2 271 204 (214 | 192

March 41.2 40.6 354 36.4 48.1 ' 49.2 312 | 320 ?4.1

April 52.1 53.0 29.2 28.7 40.7 39.5 527 | 516 |[485

May 814 80.6 92.5 93.0 67.2 68.0 1275 | 1263 | 97.2

June 1217 | 1224 [ 1241 | 1243 | 1589 [1578 | 1216 | 1224 | 1348

July 976 | 98.1 --98.7 97.8 162.5 | 163.0 | 101.2 | 1020 | 98.2 .

August 65.2 64.9 78.5 79.0 107.6 107.5 92.4 a3.1 856
September | 825 | 830 91.2 921 92.5 932 | 9.0 |923 1714
October 49.3 48.5 527 - 531 874 88.1 415 424 16.9 ’
November | 31.0 | 32.1 284 289 |[425 432 |91 9.0 10.4 o
December | 104 | 10.2 11.2 1.3 15.2 154 | 438 4.6 5.1

Mean 574 | 574~ 56.6 567 | 728 73.1 596 |600 |518

Source: Metrological station, Ayip Eku Oil Palm Estate near Calabar, Nigeria.

Table 2: Fertilizer applied Year of Planting

0 1 2 3 4 5
Rates kag/Palm year

N as Urea 0.25_ 0.46 0.57 0.57 0.57 0.00 . \
P as Super phosphate 0.23 046 068 0.68 0'.558 O.QO Y
K as Muriate of potash 046 053 0.75 075 075 040

Mg as Magnesium Sulphate  1.02 2.05 227 227 2.27 0.00

earth was then lowered into the prepared hole adjusting its
depth where necessary by partial filing or further excavation
‘until the top of the soil ball was flushed with the surrounding
soil surface. The seedlings were finally consolidated in
-position by gently firming the soil around the palm base with
the foot while maintaining the palm in an upright position. A
uniform spacing of 8.84cm (29ft) triangular was adopted for
this study Aya, (1978). Fedilizer and weeding routine
operations (Hartley, 1967; Gunn et al 1961) were uniformly
applied to all palms.
To safeguard the palms against depredation by rodents in the
- field, ‘each. palm was protected by a cylindrical collar of wire
netting mesh of 2.5cm, height 50.0cm, and radius of 15.0cm.
Yields recorded for 3, 4 and 5 years from the zero tilage were
. compared with those from the bulldozed plots. This is-
. because, the oil palm has variously been shown to foliow a
3 -5 years yield cycle (Haines 1959).
The following recommended fertilizer applications were carried
out, Omofi, (1986). Surface application was carried out two
times each year of the experiment. No fertilizer application
was carried out during the 5™ year of the experiment in which
the final soil analysis was done.
Ten palms per plot were sampled for the determination of
‘growth parameters 12 months after transplanting, Iremiren
(1982). Crown diameter was determined by measuring the
width of the crown in two directions — North ~ South and East
.and West and eventually finding the average of the two

measurements. Five palms from the ten palms were randomly
selected and the leaves and fronts separated into green leaf
blades and dead leaf blades. A leaf was regarded green when
it had over 50% of its length green. The two components were
dried at a temperature of 60°C for 48 hours in a Galenkamp
forced air oven, and then by the sum of all components (sum
of dgreen leaf blades wt, of sum of dead leaf blades wt) and
multiplied by 100 to express each proportion as percentage on
dry matter basis (Wilman et. al. (1999).

Total yields of fresh fruit bunches (FFB? were determined for
each year (from the 5™ year to the 8" year). Fruits were
w ighed at the weight ~bridge and the yield for each year
expressed in tones per hectare.

Statistical analysis o

Crop data were subjected to analysis of variance (ANOVA)
and means compared with the Fisher's lLeast Significant
Difference (LSD) at 5% level.

'RESULTS

One of the most important underlying principles in the oil paim
soil study has been to attain the potential yield of the palms
and to maintain the soil fertility of the plantation soil throughout
the fife span.

The results of growth parameters from . zero-tillage and
bulldozed plots, after 12 months of field planting are presented
in Table 4. )



.

‘n‘;{{} p

Study on Zero Tillage and Buldozing as Land Preparations on Cil Palm Growth, Yields and Soil Nutrient Status 65
“Table 3;. Chemical Characteristics of Soils used in the expérlment.
Exchangeable Bases
Crol(+) kg-'
P % .| N Avail C Mg | K N BS %
Horiz: Profile | Fine sand | Coarse $ilt (0.056 Textural | Clay CEC % | IKg wai a 9 a
- Haon depth | (0.5-8) sand (2mm- | 5-0.00 Class (0.00 H0 | HCL P mgfkg
(cm) | 05m%) 0.05mm%) | 2m%) 2mm%) _
A 020 | 1820 427 3.29 Sl 10.01 56 |51 | 4891 | 105 (039|502 160 | 0.81 0.230 | 0058 |[725%
B1 20-40 | 16.00 414 3.16 Scl 13.40 54 |52 [3842 |095 036|343 i56 | 069 |[0.148 |068 |67.03
811 4060 | 17.29 40.5 2.04 s | 14861 55 .50 |4501 |0.98 |036 (264 144 | 072 | 0113 |0052 [6567
8t2 60-80 | 16.51 382 1.25 Sc 14.00 58 |50 4633 |o087 |028 |18 Y |129 [059 . 0106 |0048 | 5548

Table 4; Average growth parameters of zero tilage compared with bulldozed soil after

12 months of feld planin Zero Tillage Bullfiozed LSD P=0.05
.| Crown diameter 088.6 . 8734 86.2
Proportion of green leaf blades (%) 63.1 46.5 146
Proportion of dead leaf blade (%) 267 38.4 8.1
% Survival 99.7 90.4 8.5

Table 5: Average yield of FFB on zero tillage and bulldozed solls
over 8 years of planting. Mean yield of FFB toneslhalyear

Ye#rs of Fero tillage | Bulidozed soil [ LSD (P < 0.05)
plantin .
5 09 0.4 02
6 2.7 13 0.8
. 1.2
7 38 24
T 16
8 4.7 74
Mean 3.0
2.4

Crown Diameter, Proportion of Green and Dead Leaf
Blades

At 12 months of the experiment, zero tillage exerted significant
in""Jence on g crown diameter, and the proportion of green leaf
blades were significantly (P= 0.05) higher in the zero tillage
plots than in the bulldozed plots. The average crown diameter
of 888.6cm was obtained from zers tillage and this value was
significantly higher than the value (873.1) obtained from the
bulidozed soil. There was a 13.2% (873.1 — 988.6) increase in
crown diameter in zero tillage compared with bulldozing. The
proportion of green leaf blades on the average was highest in
the zero tillage (63.1%) and this value was significantly (P <
0.05) higher than that (46.5%) obtained in bulidozed soil.
There was on the average, a 35.6% (46.5 — 63.1) unit increase
in the leaf blades from the zero tillage plots compared with the
bulldozed soii.

The proportion of dead leaf blades (38.4%) was highest in the
bulldozed soil, on the average, and this value was significantly
(P < 0.05) higher than the value obtained from zero tillage
plots. There was on the average a 43.8% (26.7 — 38.4) unit
increase in dead leaf blades in the bulldozed soil compared
with zero tillage plots given the same treatment. About 89.7%
of palms transplanted Into the field survived from zero tillage
plots compared with 80.4% obtained from bulldozed plots.

- Yield of FFB
The data indicate that nature of Iand preparation for planting of
oil palm seedlings in the field exert a highly significant effect on

the yield of fresh fruit bunches (FFB). The FFB produced from’
zero tillage plots (0.8, 2.7, 3.8, and 4.7 ttha-') for 6, 6, 7, and 8.
years respectively, were significantly (P < 0.05) higher than
values obtained from bulldozed soil. -

On the average, the FFB yields in the 5" and 6" years 0.9 and
2.7 t/ha-1) respectively from the zero tillage plots were more
than double that of bulldozed scil. There was a 25.0% (2.4 —
3.0) unit-increase in FFB on the average from the zero tmage
plots compared with bulldozed soil. v

Table 6 shows the influence of zero tillage and bulidozing of
land on the soil nutrient status after 3 years of transplanting oi!
palm seedlings into the field. The chemical characteristics ¢f

the soil used for the experiment before transplantmg contained
on the average 22.2g/KgN 2764 cmol (+) kg-' Ca, 1268
comli(+) kg-'Mg, 0.278¢cmol(+) kg-'K, 0,304 coml.(+) kg-' Na;
and 2.868 mg/kg P.

At 3 years after field planting, the N, mg, K ahd Na contents in
the soil were reduced to more than half in the zero tillage plots.
and approximately four fold reduction in the bulldozed plcts
The Ca and P contents of the zero tillage plots after 3 years
were more than double that of the bulldozed plots.

Soil Nitrogen and Organic Matter

The significant differences in organic C and total N levels in
the profile 0 — 80cm layer hetween the zero tillage and
bulldozed soil indicates the higher level of organic matter in the
zero tillage plots. The values of organic carbon and nitrogen
from the zero tillage plots were significantly (P < 0.05) higher
than those values obtained from bulldozed soil, with
moderately larger amount of total N accumulation in the layerq
of zero tillage than in the bulldozed soil (Table 9). :

Soil PH and exchangeable Ca and Mg

After 3 and § years of planting, both zero tlllage plots anu
bulldozed soil resulted in a decrease in soil PH in soil horizon;
up to a depth of about 80cm (Tables 7 & 9) compared with the
initial soil PH before the experiment. Zero tillage maintained a
high level of Ca, and Mg, after 3 and 5 years of planting and
these values were significantly (P 0.05) higher than values
obtained from bulldozed soil. (Tables 7 & 9).

Potassium, phosphorus and sodium
Zero tillage resuited in accumulation of available P (Bray 1P)
and exchangeable K and Na in the soil profile 0-20 cm layer,

“after 3 and 5 years. Although the values are lower than those
‘obtained at the beginning of the experiment but are

significantly (P < 0.05) higher than those obtained from
bulldozed soil (Tables 7 and 8). There was considerable down
wards movement of P together with the higher levels of
available P in both treatments and relatively lower available P
(Bray | P) levels in the surface horizons of bulldozed soil.

The greater mobility of K in the soil profile is generally
expected, particularly in the plowed plots, in view of the
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Yabie i; 2%6ct of 2ero tilage and buildozing of the soll nutrisnt with the absence of erosion and run-offs in the zgr(; titage
T W‘d janting. : : piots and could account for the greater enhancement as
status ki 3 years of fielc ¢ A evidenced in the proportion of green leaf blades and significant

crown diameter observed than in the bulldozed piots. Lal

/ N MM&ME——[—M (1975) reported high soil temperature as one of the factors that
Siutrdonts o ”f;’;e Bulldozed | LSDP=0.05 retard crop growth its the tropical soils. ,

/ characterist The differences in crown diameter and praportion of green leaf

! ics used in _blade in the zero fillage plots compared with bulldozed plots

. [ this study may be attributable to variation in soil futrient status, a few

“Noka 32 112 4200 35 years after planting(Table 3). ‘ !

Cocmet()kg' | 2764 2512 | 4300 0.960 One of the most pronounced effects of zero tillage system is

j comol ¢43Kg-" 1.268 0.296 0.183 0642 the maintenance of hlghea: level of soil organic malter

"’ . ) - especially in the surface soil, comparéd with the bulidozed

K cmal (+) Kg - 6273 0.104- 1 0052 0.024 plots where crop residues are prolonged under the soil. - The

" Neomol () kg* 0.304 0086 0.058 0.026 significant differences in organic and total N ievels in the soil

, ﬁm 2.868 2.546 1.222 0.0586 profile between the zero tillage and bulldozed soil may be due

primarily to losses of surface soif by erosion and run- off
/ experienced in bulldozed plots ( Lal 1976a; 1979; Philip and
Young 1973). In addition, the more rapid and fast rate of
decomposition of fresh plant materiais and immobilization
activities of soil in the bulldozed plots (Juo and Lal 1977) may

i
predaiminance of Kaolinite throughout the profile. The zero
Aillsge trealment appears to result to slight stratification of -

/@xchangeable K levels in the 0-80cm profile (Table 9). A also result in a fower fevel of C . ,
;& e and N, since about equal
'similar phenomenon though not statistically confimed, © " crop residue were returned to the soil under both

“appeared to occur in the PH profile of the zero fillage plots treatments. The high soil organic matter in the zero fillage

. after 5 years cropping. ‘ N ; plots could be seen from the relatively low C/N ratio indicating
-/ Inspile of the active nutrient utilization by palms at the early  hat mineraliszation was highly induced by soil micro fiora
© years of planting, the average nutrient content of the soils for  compared with immobilization activities resulting in the use-up
. 2890 fillage at 5 years almost doubled that of the bulldozed  of soil N in the bulldozed soil. Again, the moderately large
. pie's (Table 8). The zero fillage plots have consistently - amount of total N accumulated in the surface soil of the zero
* exerted very significant effect on the nutrient status after 5 tijage suggests that mineralization may contibute an
years of cropping, compared with bulldozed plots, throughout  important portion of available N to plants, during the grawing

the study period. season and could account for the higher crown diameler and
- higher proportion of green leaf blades recorded in zero titlage
‘DISCUSSIONS plols compared with bulidozed soil. This can alse be

ilustrated by the higher yield of FFB obtained from the zero

These findings suggest that bettér results could be achieved  tillage plots than the bulldozed soil. _ _
~ ‘with zero tillage than with bulldozing. This is because nutrient  Zero tillage system in its early stage of adaption may require
losses are minimized and oil palm seedlings will therefore  higher rates of N.PK fertiizers than the bulldozed soil,
utilize applied fertilizer for growth and development than in the ~ Paiticularly for crops like oil palm as it was evidenced in the
‘bulldozed soil. Again, the period of high temperature with low  Yields of FFB in the first 4 years of cropping (data not

Ta% 7 Soll Characteristics After 3 Years of Planting

Protle Fine | Cowse St%  Clay% H0 HCI ECECcmol  Pmghg C% N Ca Mg K Na.  BS%
.Deépth sand% sand% {Sand: () Kg
: 5 92- H20
Smm)  0.5mm) Ratio)
%) 51 |19 692 692 51 48 372 452 12 015 J085 -|040 [005 |[0046 | 245
2040 33 18 2530 | 2530 |50 46 378 246 103 102 [075. [042  |o004 |0.044 | 223
4090 32 138 3251 | 3251 |50 48 | 396 z08 | 095 019 | 081 021 004 (06043 |[217
8080 2 12 12523 {2523 |48 49  [3%5 185 |072 047 Jo072 041 003 | 0041 | 188
0900 E) ) 12 2804 |46 a7 340 162 048 044 |068 |01l {002 |0039 |[163
T : Bulldozed Plots . )
020 © |42 38 091 697 a8 a2z 272 140|064 606 [070 |obd 003 | 0040 | 184
2040 “\\ ] 39 064 261 ry; ry 268 108|058 |005 |080 |007 |003 |0031 {i78
w0 3% a7 063 M0 |45 43 178 102 [050 | 004 |070 [03D0 |00z | 0028 {1481
6080 31 36 059 | 272 48 45 167 075 |042 003 |065 |615 [003 0026 |62
80-500 | 31 35 060 291 a5 45 1838 086 | 031 803 | 040 | 006 - | 002 | 0026 |68
’ iIs after ti
Tabte 8: Chemical characteristics of the soils afte«f—‘{ years ‘.’.fJP"“J ng 5P
— T Zero ftilage plots_| B -
Hulrien 7 Soit conten Sycars after | 5 yesrs after
before the planting phntll)g .
Nah e‘p;:z . 7.400 3600 2400
1 s7e8 | . 1732 0.984 0.372
% Ca cmol (Wkg- N o056 0032 . o078 ‘
\\ Mgcﬁ»l(d»)kg-‘ 1.268 N0 .
Kemo#)Kg' 0218 0.074 0,034 0.022 |
\ ol ] 0.304 .- 0410 0.064 0.024 ‘
; Nacmol(+)Kg- g 2188 - 1.038 © 0394
Pmah . 0.858 L2 .

s
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Table 9 5ol Chasacieristic sfier 5 year of planting Zero tillage piots

Organic | N P

PH CEC Exchangeable Bases Cmol(+} ka-
[+
Haizon | Profile fine sand | Coarse Sit% | Clay % | H20 HCY % gy finlkg | Ca My K Ha RS
% sand% {0.002mm)
A G-20 53 45 5 12 5.1 5.0 310 142 0.15 4.81 1.0% 0.041 0.043 0.058 658
a% 20-40 41 45 4 38 50 5.0 324 1.1% 0.12 345 §.02 0.060 0.044 0.056 58.5
[ 40-50 38 44 4 45 . 4.6 4.6 285 $.02 0.03 3. 1 8 0.87 0.003 | C.635 0.051 56.2
1174 60-80 35 43 4 3 ’ 49 4.89 279 0.97 0.04 275 093 6.017 | 0.020 0.052 51.9
Bulidezed plots
A 0-20 42 37 084 27148 4.8 4.2 279 0.84 0.06 1.09 0.57 0030 | 0020 | 5042 . 20.1.
81 20-40 42 38 0.61 58.60 46 43 18.4 0.81 0.03 1.04 062 | 0012 | 0022 | 0037 187
Be 40-60 37 38 .58 61.37 45 45 205 0.69 0.03 1.04 0.38 0024 | 0015 | o021 i75
#t2 $0-80 31 a7 0.60 68.52 46 46 20.9 0.73 0.02 1.01 0.47 0.013 | 0.013 5.032- 17.2 )

erosion, soil exhaustion and leaching and could account for
the low nutrient status of these plots and low yields
consequently. These reporis are in consonance with the
reports of Olivin (1986). In the present study, and in both-
treatments the nutrients content continued to dwindle from the .
first year to the 3™ and 5™ years. This implies that more N P K
Ca and Mg fertilizers will be required later in the season for
high yields. From these findings it is olvious that the
recommended fertilizer rates by Omoti (1986) for oil palm
growth in this part of Nigeria may be considered too low to
meet plants demand and a review is suggested if optimum
yields are to be obfained, and is at present, the subject of
another investigaiion. Since farmers especially at large scale
production might not avoid the use of machine, appropriate
machines could be employed by ensuring that the are adjusted
oF use free dozers with manual clearing rather than buildozer
alone.
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