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ABSTRACT

Seven Dura x Pisifera (DxP) oil palm progenies were evaluated for yield in three climatic locations
with different mean annual water deficit (150 mm, 250 mm and 400 mm) values in order to deter-
mine their tolerance to water stress. The design used was a randomized complete block in 4 replica-
tions with a plot size of 0.48 ha (42 palms). Data was collected on number of bunches and bunch
weight (kg) and fresh fruit bunch (FFB) yield (Tonnes/ha) was subsequéntly calculated. The data
was analyzed .using Analysis of Variance (ANOVA) and means separated by Duncan’s Multiple
Range Test (DMRT). Significant progeny effects at each location on the yield parameters were ob-
served and based on these results, three stress tolerant progenies were identified. The identification
and selection of drought tolerant progenies for planting in marginal areas and the use of drought

sensitive ones in optimum and favourable area in Ghana will lead to efficient utilization of available

soil moisture and improvement in overall yields.

INTRODUCTION

In tropical regions, rainfall is often one of the
main limiting factors for oil palm production
(Ochs and Daniel, 1976). The West African oil
palm growing belt is characterized by spells of
low or no rainfall (Hartley, 1988).

van der Vossen (1969); using values of mean
annual water deficits, delineated in broad terms,
areas climatically optimum (150 mm water defi-
cit), favourable (250 mm water deficit), and suit-
able (400 mm water deficit) for economic oil
palm cultivation in Ghana.

Several authors have observed. the deleterious
effect of inadequate water supply (water stress)
on plant physiological processes leading to re-
duced growth and yield in the oil palm (Corley,
1976; Hartley, 1988; Ochs and Daniel, 1976; Fer-
werda, 1977; Maillard et al., 1974).

Hartley (1988); however reported that the extent
of reduction in growth and yield due to water
deficit, and the effectiveness of the plant physio-
logical processes to mitigate the effect of water
deficit are determined' in part by the genetic
makeup of the individual palm or progeny.
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Hardon et al. (1972), found leaf area to vary
with genotype, and in two locations of different
water deficit values, Hartley (1988); observed
significant height differences among palms of
the same genetic origin.

Omore and Nouy (1998); discovered that of all
the major yield components, number of bunches
is the most sensitive to water deficit variation.
This was brought about through the combination
of low sex-ratio and abortion of bunches before
maturity as a result of water stress.

Maillard et al. (1974), observed differences in
the severity of drought symptoms between dif-
ferent progenies, and suggested the possibility of
selection for drought tolerance.

In Ghana not much work has been done on the
consequences of drought on the oil palm, this
paper therefore seeks to report on the effect of
water stress on the yield performance of seven
Dura x Pisifera (DxP) oil palm progenies.

MATERIALS AND METHODS

Seven Dura x Pisifera (DxP) oil palm progenies
(Table 1) were evaluated for yield in three cli-
matic locations with different water deficit re-
gimes from 1986 to 1994.

Location A: Kusi 150 mm water deficit.
Location B: Assin Foso 250 mm water deficit.
Location C: Akumadan 400 mm water deficit.

The experimental design used was randomised
complete block in 4 replications comprising a

Table 1: Description of Progenies

factorial combination of 7 DxP progenies and 3
water deficit regimes. Plot size was approxi-
mately 0.28 ha with 42 palms.

Cultural Practices

At all the three sites, palm interrows were culti-
vated with Pueraria phaseoloides covercrop.
1000-1500 g each of ammonium sulphate, muri-
ate of potash and single superphosphate were
applied to each palm in August/September annu-
ally at the three locations. 1000 g of magnesium
sulphate was applied to each palm every three
years. Rings and interrows were slashed at two
monthly intervals.

Yield Recording

The number of bunches and weight of fresh fruit
bunches were recorded for individual palms at
each harvesting round (weekly) from 1986 to
1994 and weekly yield records compiled into an-
nual records.

Data Analysis-

The data was analysed using analysis of variance
(ANOVA) and where significant differences were
observed, Duncan’s Multiple Range Test
(DMRT) used to separate the means. '

RESULTS _

Table 2 shows progeny effect at each location on
number of bunches per palm per year from 1986
to 1994. Significant differences (p = 0.05 and p =
0.01) were observed in number of bunches pro-
duced by the various progenies at the 3 locations.
The highest number of bunches was produced by

Progeny Parents Origin of Parents
Pl 5.12D self x 14.892T self Deli x (Aba x Angola)
P2 5.1225D self x (32.2612T x 32.3005T) Deli x (Calabar x Aba)
P3 5.1080D self x (4.1935T x 15.4382T) Deli x (Aba x Ufuma)
P4 5.1295D self x (32.2612T x 32.3005T) Deli x (Calabar x Aba)
S (851.215D x 851.255D) x (A-43-24T self) Deli x Sibiti

P6 851.215D x 851.86T (Standard Cross) Deli x Calabar

P7 851.215D self x (1.3056T x 32.3005T) Deli x (Calabar x Aba)
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Table 2: Progeny effect at each location on number of bunches/palm/year from 6-14 years
S e after planting (1986 — 1994)
Years Progenies L.CV?:_OT
After Location B RRIMBCADEE
Planting * P03
\ 1 2 3 4 5 6 7 ** P =0.01
6 A 19.50 17.89 16.50 21.73 16.60 14.14 15.29 NS
(1986) B 12.81 11.70 14.98 11.70 8.54 8.98" 8.09 e
G 3.13 447 3.46 4.04 5.40 3.19 323 NS
7 A 15.11 15.53 16.59 14.32 10.65 11.39 10.33 NS
(1987) B 14.47 11.26 15.21 12.80 10.07 10.18 12.24 *
C 6.56 3.14 5.69 4.89 3.28 3.63 3.08 o
8 A 12.13 9.65 10.53 11.43 7.77 8.23 10.25 ’NS
(1988) B 5.25 7.56 4.97 4.42 5.09 4.29 4.15 *
C 4.99 4.05 3.67 5.46 3.99 4.10 4.38 NS
9 A 15.82 13.06 12.84 13.66 18.45 10.82 10.38 NS
(1989) B 12.04 10.45 13.38 11.15 8.17 8.07 7.36 s
C 5.08 331 4.88 4.28 443 3.08 5.56 NS
10 A 9.64 9.79 10.28 10.32 6.82 7.53 8.80 NS
(1990) B 8.64 8.72 11.32 9.74 6.90 7.96 7.44 %
C 3.44 297 3.58 3.39 4.57 3.24 3.05 NS
11 A 10.83 11.76 10.05 10.91 6.54 5.92 7.17 =
(1991) B 6.77 8.99 8.29 7.64 572 5.79 4.26 b
(& 7.50 4.56 6.00 5.94 3.44 3.12 2.60 b
12 A 7.80 9.39 8.93 9.03 6.41 5.93 5.49 b
(1992) B 5.26 6.83 6.09 6.20 2.71 4.14 349 *
@ 3.39 2.12 3.39 420 247 1.93 3.18 *
13 A 10.94 11.21 10.59 9.49 9.15 7.82 9.10 NS
(1993) B 8.96 10.02 11.65 .10.01 5.14 5.53 6.72 b
C 3.88 2.68 2.87 3.19 . 3.06 1.91 2.52 NS
14 A 6.31 8.43 8.70 591 5.70 5.24 A3 NS
(1994) B 4.38 5.42 5.87 4.21 1.87 2.99 249 b
@ $2.08 1.73 1.84 1.95 1.06 1.63 1.95 NS

progeny 4 at Kusi whilst the lowest number was
produced by progeny 5 at Akumadan.

At Kusi differences were observed in the %
and 12" year after planting whilst at Assin Foso
significant differences in bunch number were
recorded in all the nine years of recording (6 -14
years after planting). At Akumadan, differences
were recorded in the i 11" and 12" year after
planting: Generally number of bunches per-palm
reduced from Kusi to Akumadan (least water
deficit to greatest water deficit) in line with ob-
servations made elsewhere.

Table 3 shows progeny effect at each location

with respect to bunch weight per palm per year
from 1986 to 1994.

The highest total bunch weight per palm per year
(226.35 kg) was observed in progeny 1 at Kusi in
the 11" year after planting. The lowest total
bunch weight per palm (6.76 kg) was recorded in
progeny 6 at Akumadan in the 1% year of re-
cording. Again the trend of decreasing bunch
weight from Kusi to Akumadan was observed.

Progeny effect on fresh fruit bunches (FFB) yield
at the various locations is shown in Table 4. Prog-
eny 1 recorded the highest FFB of 33.5 tonnes/ha
this occurred at Kusi in the 11" year after plant-
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Tabie 3: Progeny effect at each location on bunch weight (kg)/palm/year from 6 — 14
years after planting (1986 — 1994)
Years Progenies i 7 A
After Location ' * P =0.05
Planting 1 2 3 4 5 6 ¥ *+ P =0.01
6 A 125.14 95.41 119.80 11431° “141.08 115.07 123.11 NS
(1986) B 66.35 54.53 68.78 57.30 67.57 56.89 124.53 NS
C 15.07 23.78 16.89 1162 - 21.96 6.76 19.73 *
A 142.43 125.00 133.65 131227 5:117.84 " :120.20 118.18 NS
a ;’87) B 108.38 74.59 111.82 89.05  101.08 89.79 132.64 *
@) 42.50 2291 29.05 24579 5% 52142 19.39 25.54 **
A 146.62 133.18 12655 - 124,12 11243 " ¢107.29 142.29 *
(1'.9888) B 49.32 58.31 40.07 54.26 63.18 51.01 56.62 NS
G 33.24 42.29 27.97 39.32 43.72 42.16 38.85 NS
A 205.21 135.68 167.43 167.23 19784  167.16 154.45 NS
a 9989) B 12838 103.31 1145.68 12142 - 118.78  105.81 127.56 NS
C 43.51. 41.08 43.38 3824  49.32 39.86 72.90 e
‘ A 138.04 107.77 145.67 14358 122.02  118.44 145.00 NS
(1;(; & B * 94.45 9398 12148 10655 10472  106.89 91.41 NS
C 40.40 38.58 43.10 38.98 55.74 36.68 35.33 NS
A 226.35 163.37 172.50 167.29  169.18  148.85 131.35 *
(1;;1) B 9864 11006 11337 10864 10979 8256  108.51 NS
c 95.67 74.72 81.14 74.12 52.70 51.08 47.90 *
A 151.14 128.71 169.39 145.06 159.72  139.12 117.09 NS
(1532) B 70.67 635.00 77.09 83.31 49.86 66.62 72.90 *
{ 49.52 28.24 45.74 5270 4567 33.04 55.54 NS
1~3 A 197.43 178.64 217.50 167.22  221.68  200.06 174.93 NS
(1993) B 139.05 111.14 166.08 139.66 131.35 111.14 143.71 - *
c 45.33 49.45 53.44 59.32 61.08 40.33 48.71 NS
A 131.21 144.32 170.13 106.21  133.44  121.01 118.85 NS
( 1;; g B 64.52 75.94 92.70 6939 1977 5493 54.05 *
€ 27.83 32.97 22.29 27.63 14.86 33.31 31.89 NS

ing whilst the lowest yield (1.72 tonnes/ha) was
obtained from progeny 4 at Akumadan in the 1*
year of recording (6™ year after planting).

Tables 5a, 5b and 5¢ show the mean number of
bunches/palm/year in the various locations.

Progenies 1, 3, 4 and 2 had the highest bunch
production (Table 5a) with progeny 2 being
clearly outstanding at Kusi. Progenies 6 and 7

were the poorest bunch producers at Kusi.

At Assin Foso (Table 5b), Progeny 3 was the best
bunch producer with progenies 7 and 5 being the
poorest. ;

At Akumadan, (Table 5c) progenies 1 and 4 were
outstanding in bunch production while progenies
6 and 7 were mediocre.

Tables 6a - 6¢ show the mean total bunch weight
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Table 4: Progeny effect at each location on FFB yield/ha/year (Tonnes) from 6 -14
years after planting (1986 — 1994) :
Level of sig-
Xéars ; Progenies nificance
After Location * P =0.05
Sauoy 1 2 3 4 5 6 7 +P=001
6 A RS2 IARRu-IT73) " 1B14 2088 117.03 . 18.22 NS
(1986) B 9.82 807  10.18 848  10.00 842 1843 NS
(G 2.23 3.52 2480 3 51 79 322 2.49 2.92 #
A 2ORERTRS0 S SS1078 - 1942 Y5 1744 1779 1749 NS
7 B 1004 =1 FD4UAS1 685" 13181496~ 1329 1963 *
(1987) C 6.29 3.39 4.30 3.67 3.17 2:87< "R **
A 21,70  19.71 B 1 0664 15:88° - 21.06 e
8 B 7.30 8.63 5.93 8.03 9.35 7.55 8.38 NS
(1988) & 4.92 6.26 4.14 5.82 6.47 6.24 5.75 NS
A 3097 SESIORTN04, 7024078~ 2028 - 2474 2286 NS
9 B 190088 S 182900 SO1056' 1797 7 1758 < 1566 18.88 NS
(1989) G 6.44 6.08 6.42 5.66 7.30 590  10.79 **
A CURBERR SRR 2] 26, 21005 °% 1806 7 17.53° 2146 NS
10 B 1398 1391 08+ - 1579 <o " 15801582 1853 NS
(1990) I 5.98 571 6.38 577 8.25 5.43 5.23 NS
A B3 AS 048 0553 24796 - 2504... 2203 +19.44 *
11 B 1460° 71629 1678 1608 - 1625 ~ :1222  16.06 NS
(1991) C 14.16 11.06 12.01 10.97 7.80 7.56 7.09 ¥
A WA 0D8 - 35,07 . 21472364, 0 2059 . 1733 NS
12 B 10.46 962 1141 12.33 7.38 9.86  10.79 .
(1992) 6 7.33 4.18 6.77 780  6.76 4.89 8.22 NS
A QPRGN 8019 (2478, 3281 7 2961 2589 NS
13 B 2058 " CIGMS U 358" - 20,67 1944 1645 © 21.27 .
(1993) C 6.71 7.32 7.91 8.78 9.04 SO0 & o' ra) NS
A 100N O1R6 2518 11572 . -19.75: .. 1791 17.59 NS
14 B TR U R v IR ) 6.59 8.13 8.00 *
(1994) C 4.12 4.88 3.30 4.09 220 4.93 472 NS
Table Sa: Mean number of bunches/palm/year at location A (Kusi)
Year 11 (1991) _Year 12 (1992)
Progeny 6 5.9200 c Progeny 7 5.4900 ¢
5 65375 c 6 5.9275 be
7 7.1650 be 5 6.4100 abce
3 10.0500 ab 1 7.8025 abc
1 10.8275 a 8.9275 ab
4 109175 a 4 9.0250 ab

Means in a column bearing the same letters are not significantly different at P = 0.05.
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Mean number of bunches/palm/year at location B (Assin-Foso)

Table 5b

Years After Planting

13 (1993)

14 (1994)

12 (1992)

8 (1988) 9 (1989) 10 (1990) 11 (1991)

7(1987)

6 (1986)

P5:1.8700 ¢
P7:2.4925¢

P5:5.1400 ¢
P6:5.5250 ¢

P5:2.7125d

P7:4.2600 d
P5: 5.7200 cd
P6: 5.7850 cd
P1: 6.7700 bc
P4: 7.6400 abc
P3: 8.2900 ab
P2:8.9850 a

P5: 6.9000 ¢

P7: 7.4425 be
P6: 7.9625 bc
P1: 8.6350 bc
P2: 8.7200 bc
P4:9.7400 ab

P3:11.3200 a

Pi-7:3350'c

P7-4.1450 b
P6: 4.2850 b
P4:4.4200 b
P3:4.9725b
P5: 5.0875 b
P1:5.2450 b
P2:7.5625 a

P5: 10.0650 ¢
P6:10.1825 ¢

P7:8.0900 ¢

P7:3.4850 cd
P6: 4.1375 bed
P1:5.2600 abc
P3: 6.0900 ab\
P4: 6.1950 ab
P2:6.8250 a

P6: 8.0725 be
P5: 8.1650 bc
P2: 10.4525abc
P4: 11.1450abc
P1: 12.0350 ab
P3:13.3800 a

P5:8.5375 be

P6: 8.9800 be
P4: 11.7000 ab
P2: 11.7000 ab

P1:12.8050 a
P3:14.9825 a

P6: 2.9900 be

P4: 4.2100 ab
P1:4.3825 ab
P2:5.4150 a

P7:6.7175 be

P1:8.9575 ab ~
P4:10.0075 a
P2:10.0225 a
P3:11.6450 a

2.2400 abc

2.8050 abc
4.4725-ab
5.2200a

P3:5.8700 a -

e e e g

P7:

P4:

P3:

Means in a column bearing the same letters are not significantly different at P

0.05

Table Sc: Mean number of bunches/palm/year
in location C (Akumadan)

Year 7 (1987) Year 11 (1991) Year 12 (1992)
P7:3.0825¢ P7:2.6000 ¢ P6: 1.9250 b
P2:3.1400 ¢ P6:3.1200 ¢ P2:2.1150 b
P5:3.2775 ¢ P5:3.4450 ¢ P5:2.4700 b
P6: 3.6300 be P2:4.5600 bc P7:3.1750 ab :
P4: 4.8925 abc P4: 5.9375 ab P1:3.3850 ab

* P3:5.6875 ab P3: 6.0000 ab P3: 3.3900 ab
P1:6.5550 a P1:7.4950 a P4:4.2025a

Means in a column bearing the same letters are not signifi-
cantly different at P = 0.05

per palm per year in the various locations. At
Kusi (Tables 6a) progeny 1 produced the highest
total bunch weight per palm of 146.62 kg and
226.35 kg in the 8" and 11" year after planting
respectively. Progeny 7 produced the lowest
bunch weight (131.35 kg) at Kusi.

At Assin-Foso progeny 3 produced the highest
total bunch weight per palm of 166.08 kg and
92.70 kg in the 13" and 14" year after planting
respectively with progeny 5 giving the lowest
bunch weight per palm in the 14" year (Table 6
b).

The situation at Akumadan (Table 6¢) was similar
to what prevailed at Kusi. Progeny 1 was out-
standing in total bunch weight per palm (95.68
kg) followed by progeny 3 (81.15 kg) in the 11"
year after planting. Progeny 7 again produced the
lowest total bunch weight at Akumadan in the
11" year after planting.

03

Tables 7a — 7c show mean FFB yield per hectare
per year at the various locations. Progeny 1 pro-
duced the highest FFB (33.5 tons/ha). This oc-
curred at Kusi (Table 7a) and was significantly
higher (p = 0.05) than all the other progenies.

At Assin-Foso (Table 7b) progeny 3 was the best
FFB producer ((24.6 tonnes/ha).

Progeny 1 was again the highest FFB producer at
Akumadan (Table 7c) with 14.2 tons/ha. This was
significantly (p = 0.05) higher than all the others.
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Table 6a: Bunch weight (kg) /palm/year in location A (Kusi)

Year 8 (1988)

Year 11 (1991)

P6: 107.2973 b
PS5: 112.4324 b
P4: 124.1216 ab
P3: 126.5541 ab
P2::133.1757 ab
P7:142.2973 a
P1: 146.6216 a

P7:131.3514b
P6: 148.8514 b
P2:163.3783 b
P4: 167.2973 ab
P5: 169.1892 ab
P3: 172.5000 ab
P1:226.3514 a

Means in.a column bearing the same letters are not significantly different at P = 0.05

Table 6b: Bunch weight (kg) /palm/year in location B (Assin-Fosu)

Year 7 (1987) Year 12 (1992) Year 13 (1993) Year 14 (1994)
P2:74.5946 b P5:49.8649 b P2:111.1486b P5:19.7780 ¢
P4: 89.0541 b P2: 65.0000 ab P6:111.1486 b P7: 54.0541 be
P6: 89.7973 b P6: 66.6216 ab P5: 131.3514 5b P6: 54.9324 be
P5: 101.0811 ab P1:70.6757 ab P1: 139.0541 ab P1: 64.5270 be
P1: 108.3784 ab P7: 72.9054 ab P4: 139.6621 ab P4:69.3919b
P3:111.8243 ab P3: 77.0946 ab P7: 143.7162 ab P2: 75.9459 ab
P7: 132.6351 a P4: 833108 a P3: 166:0811 a ;

P3:92.7027 a

Means in a column bearing the same letters are not signifi

Table 6¢: Bunch weight (kg) /palm/year in location C (Akumadan)

cantly different at P = 0.05

Year 6 (1986) Year 7 (1987) Year 9 (1989) Year 11 (1991)
P4:11.6216 b P6: 19:3919b P4: 38.2432b P7:47.9054 ¢
P1:15.0676 ab P5:21.4189b P6: 39.8649 b P6: 51.0811 be
P6: 16.8243 ab P2:22.9054 b P2:41.0811b P5: 52.7027bc
P3:16.8919 ab P4:24.7973 b P3:43.3784 b P4: 74.1216 abc
P7:19.7297 ab P7:25.5405 b P1:43.5135b P2; 74.7297 abc
P5: 21.7568 ab P3:29.0541b P5:49.3243 b P3: 81 .1486 ab
P2:23.7838 a P1:42.5000 a P7: 72.9054 a P1:95.6757 a

Means in a column bearing the same letters are not signifi

cantly different at P = 0.05
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Table 7a: Mean FFB yield (Tonnes)/ha/year in location A (Kusi)

Year 8 (1988) Year 11 (1991)
P6: 15.8800 b P7:19.4400b
P5: 16.6400 b P6:22.0250 b
P4: 18.3725 ab P2:24.1825b

P3: 18.7275 ab
P2: 19.7075 ab
P7:21.0625 a
P1:21.6950 a

P4: 24.7575 ab
P5: 25.0425 ab
P3: 27.5275 ab
P1:33.4950 a

Means in a column bearing the same letters are not significantly different at P = 0.05

Table 7b: Mean FFB yield (Tonnes)/ha/year in location B (Assin-Fosu)

Year 7 (1987) Year 12 (1992) Year 13 (1993) Year 14 (1994)
P2:11.0400 b P5:7.3875b P2:16.4450 b = PO 05875 ¢
P4:13.1825b P2:9.6200 ab P6: 16.4525 b P7: 8.0000 bc
P6: 13.2850 b P6: 9.8575 ab P5:19.4425 ab P6: 8.1325 be
P5:14.9550 ab P1:10.4550 ab P1:20.5800 ab P1: 9.5500 bc
P1:16.0425 ab P7:10.7875 ab P4:20.6725 ab P4:10.2675b
P3:16.5450 ab P3: 11.4125 ab P7:21.2675 ab P2: 11.2350 ab
P7:19.6250 a P4:12.3300 a P3:24.5750 a P3:13.7150 a

Means in a column bearing the same letters are not significantly different at P = 0.05

Table 7c: Mean FFB yield (Tonnes)/ha/year in location C (Akumadan)

Year 6 (1986) Year 7 (1987) Year 9 (1989)  Year 11 (1991)
P4:1.7225b P6: 2.8650 b P4:5.6600 b P7:7.0850 ¢
Pl1:2.2275 ab P5:3.1725 b P6:5.9025b . P6;7..5550 be
P6: 2.4850 ab P2:3.3850 b P2:6.0775b PS: 7.7950 be
P3:2.4975 ab P4:3.6700 b P3:6.4225b P4:10.9725 abc
P7:2.9225 ab Pl:3.7828 b P1:6.4375b P2: 11.0625 abc
P5:3.2200 ab P3:4.3000 b P5:7.3025b P3:12.0050 ab
P2:3.5175a P1:6.2900 a P7:10.7900 a Pl: 14.1575 a

Means in a column bearing the same letters are not significantly different at P = 0.05
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