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Original Research Article
EFFECT OF TRANSPLANTING TIME AND RAINFALL ON THE EBABLISHMENT,

GROWTH, DEVELOPMENT AND YIELD OF OIL PALM IN THE SHEI-DECIDUOUS

FOREST ZONE OF GHANA

Abstract

Oil palm (Elaeisguineensis Jacq) establishmentywincand yield depend to a large extent on
physical and climatic characteristics of the enwimeent in which the palm is established. A
ten (10) year researcher managed on-station exm@rirwas conducted from 1995 to 2005 to
assess the effect of transplanting period on thebéshment, growth and yield of oil palm in
the semi-deciduous forest zone of Ghana. Farmeesl ne know the appropriate time to
transplant their seedlings in southern Ghana inesrtb minimise the seedlings lost at the
time of planting. This work seeks to address whamth(s) of the year is (are) appropriate
to transplant oil palm seedlings in order to acl@evigh percentage establishment and high
yields. In this study, twelve months old Teneraréand Pisifera crosses) from OPRI, -(D x
P ex OPRI)- oil palm seedlings were transplantetbdhe field in May, July, September and
November signifying different moisture regimeshaf year. Treatments were arranged in
Randomised Complete Block Design (RCBD) with 4icefgs. It was observed that
seedlings transplanted in July had better fieldabbshment, growth, development and yield
than those in May, September and November. Théen§imdbf this study have important
ramification for oil palm farmers, extension seegcand future studies in order to maximise
the yield of Fresh Fruit Bunches (FFB). It is recoended that under current climate
variability transplanting of oil palm seedlings siid be done in July in the semi-deciduous

forest zone of Ghana.
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INTRODUCTION

Water is the most critical factors determining cegpablishment in thigeld. Water interacts
greatly with soil nitrogen, affects nutrient upta&ed subsequently crop productivity. The
effect of water stress on production vary accordmghe crop, soil characteristics, the root
system and severity and timing of the shortagesvater during the growth cycle (Ahn,
1993). Oil palm growth and yield is dependent amate in which the palm is established.
Oil palm vyield potential is reduced when exposed stwessful conditions such as
drought(Danset al 2008). In water-limited environment soil waterntent at sowing is

important in determining plant establishment.

The importance of oil palm to Ghana’s economy catrounderestimated in recent times.
Over 636,000 households, mainly in the rural comites) are engaged in oil palm
cultivation generating about 8.75 milion Ghana Sedo the agricultural sector
(GLSS2000).Understanding of the growth and devetlmof the crop under field conditions
is key to maximise yield. Farmers depend solelyrains to cultivate oil palm. Therefore,

monitoring rainfall is useful in predicting oil palestablishment, growth and yield.

Studies by Ubi (2004) recommended that in Nigeli@am seedlings aged between 10 to 12
months, should be transplanted onto the field imilAgnd May for good crop performance.
That is palms transplanted in these months havel gestablishment rate and growth.
Anonymous (1980) also indicated that in Ghanapalin seedlings should be transplanted to
the field in the months of May and June for the sagason. However, Rainfall variability
under the current face of climate variability ire teemi-deciduous forest zone of Ghana has
directed attention to the search for appropriate tior transplanting oil palm seedlings to the

field so as to increase seedling establishment suttsequent positive effect on yield. The
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transplanting time is also believed to affect theldy cycle of the palm. Therefore
manipulating the time of transplanting so as tdtsiie fruiting period to coincide with
period of Fresh Fruit Bunches (FFB) scarcity mayehpositive economic implication as
high price of FFB for producers. Noetyal (1996) indicated that the timing of the peak and
lean yield of oil palm may vary with year, locatiand planting material. Some farmers also
perceive that this cycle varies with the time / mhothat the seedlings are transplanted and
that the seedlings transplanted late in the yegptenber and November produce their peak

yield late in the year (personal communication vidhmers). This study seeks to establish:

« the impact of rainfall or water variability on gialm establishment, growth and
development
» define appropriate planting time / month for oilrpaseedlings establishment and

» determine when peak yields are obtained in the gedifferent transplanting times.
MATERIALSAND METHODS

A ten (10) year researcher managed on-station &eeriment was conducted at the Council
for Scientific and Industrial Research - Oil PalmsRarch Institute (CSIR-OPRI),Kusi in the
Kwabibirem District of Eastern Region, Ghana frof94 to 2005. D X P (ex OPRI) oil palm
seedlings aged 12 months were transplanted ontdidlieat a planting distance of 8.8m
triangular, equivalent of 148 palms per hectaree Eiperiment was laid in Randomised
Complete Block Design(RCBD) with four (4) replicatis. Each experimental plot measured
15nf and had 24 palm seedlings. The months of transglanstituted the experimental
treatments. The treatments were May transplanig triainsplants, September transplants and
November transplants.

Cultural practices carried out include growing ofcaver crop,Puerariaphaseoloideso

suppress weeds among others. The cover crop watedest 3.75kg per ha in the
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experimental field. Ring weeding was done in auaddf 1-1.5m around the base of the
palms using cutlass, 2-4 times per year dependingatm age. The inter-rows were slashed
every two months to control excessive weeds. Ologidam (1kg) each of muriate of potash,
single super phosphate and ammonium sulphateiZerslwere applied per annum to supply
nutrients requirement of the oil palm. Phytosanitoispection was also carried out monthly

to check the onset of pests and diseases.

Rainfall

Rainfall data for the period of the trial were abtal from the meteorological station of Oil
Palm Research Institute (OPRI). The monthly rairdaér the experimental period is shown
in Fig. 1a and b. Bimodal rainfall pattern was thyed for all the years. The major rainfall
season occurred in April, May and June with valassund 250mm/month in 1995. The
minor season started in September and ended inmmere February recorded the lowest
rainfall of 10mm but that did not affect the tralasying periods. The rainfall in December
was higher than that of January but there was g shexline in rainfall to below 10mm in the
year 1996. In the following year (1996), the raiarted early. Less than 10mm rainfall was
recorded in January, 36mm in February and as gd6@mm was recorded in the month of
March. Unlike the year of transplant, where theies wainfall value of more 130mm from
March to December, there was a sudden drop ofathinf April to less than 90mm as shown

in Fig. 1. The rainfall data for the rest of thgpexmental period is shown in Appendix 1.
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Fig. 1 Monthly Rainfall data from 1995-1998

Seedlings establishment

Seedling establishment on the field was recordedhi® first 2 years. The data obtained was
used to calculate the seedling establishment pexgeron the field. Percentage establishment
was determined by counting the number of estatdigr@ms per plot in the"2year after

transplanting of seedlings to the field.

Vegetative measur ement

The plant height was measured with graduated mieaspole from the base (ground level)
of the palm to the point of insertion of leaf numB8&.

Leaf area (LA), Leaf area index (LAI) and Frond Dvgight (FDW)were taken twice a year
(March and November), and averaged to representyds. These parameters were

determined from the relationship below;

LA was computed using the equation by Hardeal.,(1969).
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LA=DbMXLW) oo, eqg. 1
Where:
n= number of leaflets, LW=mean of length x mid-widor a sample of the largest

leaflets, and b= correction factor=0.55

leaf area

LAl ————. eq. 2

FDW was obtained using formula developed by Coil@yl. The width and depth of the
petiole of the frond number 17 was measured witlipeas and values of FDW were

estimated using equation 3 as shown below.

FDW= 0.1026xWxD + 0.2362 (kg)...... eg. 3
Where: W= width of the petiole of frond 17

D= depth of the petiole of frond 17

Yield measurement

The number and weight of FFB per palm were takezaah harvesting round (weekly) from
2000 to 2005, and these were further compiled thadgr.

The data collected were analysed with GENSTAT 26@fistical package and subjected to

analysis of variance (ANOVA) and treatment differes were separated by P < 0.05.

RESULTS

Seedlings establishment
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Seedlings establishment was determined in termpeatentage survivability of the total
seedlings per month of transplant in tH& year of after transplanting. High establishment
was recorded in the order July > May> Septembeoweihber (Tablel). The July transplants
were significant from the September and Novembeémioti significant as compared to May
transplants. There were no significant differences between thayMSeptember and

November transplants.

Table 1. Seedlings establishment (2 year s after planting)

Seedling establishment

Treatment/Month
Mean establishment Percentage establishment
May 19.3 80.2
July 22.8 94.8
Sept 18.8 78.1
Nov. 17.8 74.0
Lsd 35 14.53
CV% 16.1 16.1

Effect of time/ months of transplant of oil palm on LA and LAl
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The leaf area and leaf area index showed a limeaease with increase in age of the palms
(Fig. 2 and 3). There were no significant differenc(P<0.05) between the LA of the
treatments. Oil palm transplanted in July had atingdly higher leaf area in all the years
under consideration with a mean value of 1.65nith the lowest of 1.40 frbeing recorded

in November transplants. There was a sharp incraasé\ for seedlings transplanted in
September eight years after transplanting. LA dingatransplanted in May and November
were similar at nine and ten years after transplgniThe LAI increased with increasing
palm age (Fig.3). July transplants recorded thédsgLAl in the years under investigation.
However it was not significantly different from tlmther transplants / treatments. This was
followed by May transplants at 5 and 7 years af@nsplanting. From"®to 10" year after
transplanting, September transplants recorded LACkvwas higher than that of May but
lower than that of July. November transplants réedrthe lowest LAl in 9 and 18' year

after transplanting.

Leaf Area (m?2)

SEPT

e N O/

Years after transplanting

Figure2. Effect of time/ month of transplantson LA
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Figure3.Effect of time/ month of transplants on LAI
Effect of transplanting time on palm height

Figure 4 shows the effect of transplanting timeohth on plant height. Differences in height
were observed among the trannsplants. TheJuly tieris@corded the highest plant height of
0.85m in the 7 year after transplanting. It recorded the highglant height to the 1®

year,this was followed by those transplanted in é&oler. Height of September transplant

and May transplant did not vary significantly fdirtae periods of the trial.
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Figure 4. Effect of different planting time on plant height

Effect of different planting time on frond dry weight

Figure 5 shows the accumulation of frond dry weighin the year 2000 to 2005. The frond
dry weight for the periods 2000-2001 were in thdeor July transplant> May transplant >
November transplant> September transplant. Thei® nveasignificant difference {0.05)
between the treatments. However, July transplacorded the highest frond dry weight
throughout the experimental periodwith a mean vatid.74 kg and this was about 16%
higher than the November transplant which recorthed lowest mean value of 1.5 kg.
November transplant on the other hand recordedldhst frond dry weight in all the

experimental years. May and September transplamiifted in 2002 and 2004.

10
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Figure 5. Effect of different planting time on frond dry weight production
Yield and yield components

There were no significant differences between tieédg of the same year (Table 2). There
was an increase in bunch weight with palm age.him %'year after transplanting, July
transplants recorded relatively high single bunaight than the other transplants. In the
6"year September and November transplants producadenesingle bunches than the other
transplants. This trend for September transplaotsiued to the @ear and then declined
during the 18 year. May transplants trailed in all the yearsegicthe & year and the
10"year.After the Byear, September and July transplants producedivediatheavier
bunches than that of November and May transpl&igs 6). Cumulatively, during the period
of the experiment, the highest mean single buncigiweof 30.0kg was recorded by July

transplants with the lowest of 25.82kg being reedrdy May transplants.

11
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199  Figure6. Single bunch weight at different transplanting times
200 Table2. Number of bunches per palm per year
YEARS AFTER PLANTING
TREATMENT
5 6 7 8 9 10
MAY 8.54 7.59 8.54 11.30 12.45 10.63
JULY 9.61 7.84 8.22 10.77 11.23 11.27
SEPT 9.41 8.08 7.90 10.72 10.84 10.21
NOV 10.4 8.50 9.13 11.33 11.19 11.72
CV% 20.40 23.90 5.20 13.20 7.60 9.50
Isd 2.97 1.26 0.76 1.60 2.10 1.66

201

202  The effect of transplanting time on the number ohdhes per palm per year is shown in
203 Table 2. The number of bunches per palm per yeaea@sed with age. The yield became

204 somewhat stable at 8 and 10 years stage with meduess around 10.50-12.50

12
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bunches/palm/year. Even though there were no signif differences between the single
bunch weight of palms of the same age, the Novemnaesplants had relatively high number
of bunches per plant per year from tH4c68"ear after transplanting. However, the bunch
weight of the November transplants are somewhatl sseacompared to the others except
May transplants.May transplants had the highestabveean number of bunches per yearof
9.84 kg and this was about 15% higher than the hdne transplants which recorded the

lowest mean number of bunches per year.
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Figure 7. Palm yield (tong/ha) in response to time of transplanting.

There was linear increase in yield with age of pdlg.7). Though there were no significant
differences between the various treatments, atsthgear, oil palm transplanted in July
produced 6.82 tons/hal/yr. This was higher thanother treatments, November, September
and May which had 6.54, 6.40 and 6.22 ton/ha/ypeetvely. From the Bto g" year,
November transplants recorded higher yield in tafyththan the other treatments. At tH& 9

year, the September transplants had the highdst yatlowed by July transplants, May and

13
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then November transplants. With the exception df gear, yield differences among the

transplant were small. However, July transplantenmged highest yield of 18.82tons/halyr.

Results of the trial also indicated that, in a yeae lean yield period and 2 peak yields were
recorded over the experimental period. One of trekp occurred between March to May and
the other between August to November. In the pesik season, palms transplanted in May
gave the highest yield followed by July transpla®é&ptember and November transplants
recorded the least yields. In the second peak seasuch occurred around August,
September and October, the yield was in order afelNtber > July > September > May (Fig.

8). The dip in the yield of the May transplant nimeyattributed to the time of planting.

25.0 ~

20.0 A

yield (ton/ha)

5.0 -

0.0 T T T T T T T T T T T 1
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Months

Figure 8. Production spread over the experimental period (8 to 10years after planting)

DISCUSSION

Effect of transplanting time on oil palm establishment

Water availability affected seedling establishmentthe field. The number of plants that

were able to establish and grow successfully wertbe order of July > September > May >

14
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November (Table 1). Transplants of September wettebestablished than May transplant
probably due to the carry over effects of raingrirthe previous months. Also there was
enough rainfall throughout the year of transpldng.(1a) this might have also contributed to
relatively good establishment and better perforrean€ the September and November

transplants.

Effect of transplanting time on leaf expansion / leaf area index

Water affects both the activity and size of theséedor young palms the early expansion of
the canopy facilitates radiation capture is of @uanportance for yield (Henson, 1991a).
The leaf area and leaf area index of the seedimgsased with age. This supports Corley’'s
(1973) finding that leaf area varies with age. Effflect of water availability on the leaf area
was prominent in July transplants (Fig. 2). Highflarea and leaf area index of seedlings
planted in July maybe attributed to enough moistanailability that aided good
establishment. The availability of water for seegliestablishment also affected the
subsequent growth and development of the oil pgven though there was not much rainfall
in July, the preceding months had adequate rainfdlerefore the soil might have had

enough moisture reserve in July when the transplgmias done.

Effect of transplanting time on palm height

Time of transplanting affected the height of thérpaEven though there was no significant
difference among the treatments, the July transplaare ahead of all the treatments (Fig.4).
This can be considered as an advantage since ritgogawill close faster than the other
treatments. Closed canopy smoother weeds, redutdénguact on the soil and therefore

reduce evaporation from the soil surface and redwes control frequency.

Dry matter weight accumulation of oil palm after transplanting

15
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Oil palm productivity is influenced by total dry mter production of each palm. Dry matter
production is highly dependent on the photosynthette of the palniMohdTayebDolmat.
1996. Dry matter production is used for both vegewtand reproductive growth. In oil
palm, vegetative growth assumes priority over g@oductive growth (Hartley, 1988). Thus
the requirement of vegetative must necessarilyatisfed before dry matter is diverted into
fruit production.

Inadequate rainfall at the time of transplantinfgeted the rate of growth, development and
dry matter production. Seedlings transplanted iny Ma&ad November where there was
inadequate rainfall expressed reduced crop gromthdevelopment. Because there had been
enough moisture in the previous months before Xihly, seedlings transplanted had good

growth rate. It therefore had slightly high dry teathan the other treatments.

Effect of transplanting time on yield and yield components

The yields were also affected depending on thenextedry matter produced. The impact of
soil water affected the vital phenological and gitowrocesses. This observation was similar
to findings by Kassam and Smith (2001).The numbdebunches per palm per year was
higher in May and November transplants on tffeadd §' year. July and September
transplants recorded smaller number of bunchegader. Single bunch weight was higher in
those transplanted in July and September. This shbat when oil palms are transplanted
when rainfall is inadequate, the number of bunglexspalm increase at the expense of single
bunch weight. Due to adequate rainfall of 270mmQrié and 200mm for June, July and
August respectively, July transplants received ghoumoisture which led to good
establishment rate and high dry matter accumulattahe vegetative stage and diverted into
fruit production at the initial yields. Therefor&et initial yields for July transplant were

higher as compared to the other treatments. Tliénfys of this work show that transplanting

16
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time have effect on the yield of the crop. Thiglfirg is in line with findings by Reddst al,
(2003), who stated that the time of sowing affegtiedd in most crops. This work found out
that, seedlings transplanted in minor dry seasowstle end of major rainy season which
occurs in November and July respectively, give pglak yield in the dry season, around
November and December when palm fruits are expensiv

The bimodal peaks can also be attributed to theotd@hrainfall season in the area which
increases soil moisture that matched or mirroredytld peaks.

Conclusion

Depending on when regular rain starts, it is suggeshat, two to three months rainfall
should be allowed before transplanting seedlingsthese months, a minimum of 150mm
monthly should be recorded.This will increase mwistin the soil, for high percentage
seedling establishment and good vegetative grokrbm the rainfall values in 1995, it can
be deduced that high precipitation in months prexettansplanting time is highly important
in plant establishment and subsequent developretsecond peak season which occurs in
November is very important since palm fruits areyvenportant at that time. It is therefore
important to do split planting, i.e. plant somedegs at July and some at November so that

yield could be obtained throughout the year.

REFERENCES

Ahn, P. M., (1993).Tropical Soils and Fertiliser UseLondon: Longman Scientific &

Technical.

Corley, R. H. V., (1971). Analysis of growth of tleél palm Elaeisguineensislacq) 1.

Estimation of growth parameters and applicatioBrieeding. T Euphyticz0, 307-315.

17



306

307

308

309

310

311

312

313

314

315
316

317

318

319

320

321

322

323

324

325

326

327

Corley, R. H. V., (1973). Effect of planting demsitn growth and yield of oil palm. Exp.

Agric., 9.169-180.

CSIR-OPRYI, (1980). Commissioned annual report. 34

Danso |, Nuertey B. N., Andoh-Mensah, Osei-BonsijAgamoah T. E O., Dwarko D. A.,
Okyere-Boateng G., Marfo-Ahenkora E. and Opoku(2008). Response of oil palm
to planting density and water deficit in threendtic zones of Southern Ghana.

Journal of Ghana science Association, Vol.10, N®32102

Harden, J. J., Williams, C. N. and Watson, I., @96 eaf area and yield in the oil palm.

Malaya Expl. Agric. 5:25-3.

Hartley, C.W.S., 1988. The Oil Palm. 2nd Edn., Lmag, London and New York, Pages:
824

Henson, I. E., (1991a). Limitations to gas exchamgewth and yield of young oil palm by
soil water supply and atmospheric humidity. Tratisas of Malaysian Society of

Plant Physiology, 2, 39-45.

Henson, I. E., and Dolmat T. M., (2004).Seasonalatian in yield and developmental
processes in an oil palm density trial on a pedit 4 yield and bunch number

component. Journal of oil palm research, vol. b6 & 88-105.

Kassam, A.,and Smith, M., (2001). FAO Methodologiescrop water use and crop water
productivity. FAO (Food and Agriculture Organizat) Paper No. CWP-MOQ07. Expert

meeting on crop water productivity, Rome, 3-5 Delger, 2001.

MohdTayebDolmat. 1996. Prospect for Crop and Animtdgration in Oil Palm. Oil Palm

Management Course — Selected Readings, Kuala Lumpp02 - 216

18



328

329

330

331

332

333

334

335

336

337

338

Nouy, B., Omore, A. and Potier, F., (1996). Oilmpploduction cycles in different ecologies:

consequences for breedin@roc. of the 1996 PORIMiInternational Palm Oil

Congress — AgriculturalConferend@ORIM, Bangi. p. 62-75.

Reddy, B.V.S, Sanjana Reddy, P. Bidinger, F. Blumrve, (2003). Crop management

factors influencing yield and quality of crop mses. Journal of Field Crops Research

84(1-2): 57-77

Ubi, W., (2004).The effect of age and the timerahsplanting on leaf area, specific leaf area

and leaf longevity of poly bag oil palm seedlimgshe fieldGlobal Journal of

Environmental Sciences Vol.3 (1&2) 2004: 71-74

Appendial. Monthly rainfall (mm) data from 1999-2007 (Rest of the experimental Period)

1999 2000 2001 2002 2003 2004 2005 2006 2007 1999 2000 2001
JAN 30.8 259 - 7.0 25,0 324 0.2 60.20 - 30.8 259 -
FEB 3.7 5.6 11.9 024 196 436 406 73.60 10.00 3.7 5.6 11.9
MAR | 93.8 655 1193 68.0 93.0 1224 34.7 14980 61.60 93.8 65.5 1193
APR | 640 391 1323 053 1664 856 100 11.60 6530 164.0 39.1 1323
MAY | 90.7 09.7 77.3 989 826 69.8 1814 69.60 249.40 190.7 09.7 773
JUN | 2349 65.1 4068 76.6 1498 67.8 19.2 7460 0220 2349 65.1 06.8
JUL 119 276 1166 30.6 30.2 63.8 21.2 69.20 83.80 311.9 27.6 16.6
AUG | 186 748 316 732 202 87.2 31.0 50.00 82.00 118.6 74.8 316
SEP 720 799 106.6 314 903 56.2 59.2 8790 11.20 72.0 79.9 106.6
OCT | 959 387 1840 305 86.8 764 828 29.60 8110 195.9 38.7 84.0
NOV | 25.7 284 76.0 69.6 21.0 546 258 6880 5470 125.7 284 76.0
DEC | 260 6.1 15.8 27.0 642 738 46.4 59.00 20.20 26.0 6.1 15.8
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