Taylor & Francis
Taylor & Francis Group

S EEER 24 Soil Science and Plant Nutrition

&
Flant Mutrition

ISSN: 0038-0768 (Print) 1747-0765 (Online) Journal homepage: http://www.tandfonline.com/loi/tssp20

Performance of Rice Cultivars in Various Sawah
Ecosystems Developed in Inland Valleys, Ashanti
Region, Ghana

Joseph Ofori, Youko Hisatomi, Akira Kamidouzono , Tsugiyuki Masunaga &
Toshiyuki Wakatsuki

To cite this article: Joseph Ofori , Youko Hisatomi , Akira Kamidouzono , Tsugiyuki Masunaga
& Toshiyuki Wakatsuki (2005) Performance of Rice Cultivars in Various Sawah Ecosystems
Developed in Inland Valleys, Ashanti Region, Ghana, Soil Science and Plant Nutrition, 51:4,
469-476, DOI: 10.1111/j.1747-0765.2005.tb00054.x

To link to this article: http://dx.doi.org/10.1111/j.1747-0765.2005.tb00054.x

ﬁ Published online: 17 Dec 2010.

\g
CJ/ Submit your article to this journal &

||I| Article views: 89

A
& View related articles &'

@ Citing articles: 4 View citing articles &

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=tssp20

(Download by: [139.101.190.99] Date: 01 April 2017, At: 00:18 )



http://www.tandfonline.com/action/journalInformation?journalCode=tssp20
http://www.tandfonline.com/loi/tssp20
http://www.tandfonline.com/action/showCitFormats?doi=10.1111/j.1747-0765.2005.tb00054.x
http://dx.doi.org/10.1111/j.1747-0765.2005.tb00054.x
http://www.tandfonline.com/action/authorSubmission?journalCode=tssp20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tssp20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1111/j.1747-0765.2005.tb00054.x
http://www.tandfonline.com/doi/mlt/10.1111/j.1747-0765.2005.tb00054.x
http://www.tandfonline.com/doi/citedby/10.1111/j.1747-0765.2005.tb00054.x#tabModule
http://www.tandfonline.com/doi/citedby/10.1111/j.1747-0765.2005.tb00054.x#tabModule

Soil Sci. Plant Nutr., 51 (4), 469 -476, 2005

Performance of Rice Cultivars in Various Sawah Ecosystems
Developed in Inland Valleys, Ashanti Region, Ghana

Joseph Ofori****:! Youko Hisatomi*, Akira Kamidouzono*, Tsugiyuki Masunaga*,
and Toshiyuki Wakatsuki**

*Faculty of Life and Environmental Sciences, Shimane University, Matsue, 690—8504 Japan;
**Faculty of Agriculture, Kinki University, Nara, 631-8505 Japan; and
***Crops Research Institute, P.O. Box 3785, Kumasi, Ghana

Received July 5, 2004; accepted in revised form May 16, 2005

Experiments were conducted in 2001 and 2002 to evaluate the agronomic responses of 23
rice cultivars with various growth traits in order to select suitable cultivars based on the
ecosystems and local farming systems, in the Ashanti region of Ghana. The ecosystems
included irrigated sawah™® (IS), rainfed sawah (RS) and unbunded and unleveled lowland
(UBLL). Two input levels consisted of a high input level (HIL—90 kg N +45 kg P,O,+ 45 kg
K,O ha~!+herbicide application at 21 d after transplanting (DAT)+hand weeding at 42
DAT) and a low input level (LIL—20 kg N+farmers’ weed control practices). The results
showed that the adoption of the high input level resulted in the increase of the rice grain
yield by 100% with a mean yield of 4.2 Mg ha~!, compared with 2.1 Mg ha~! for the low input
level. Rice yield in IS exceeded that in UBLL by 323%, whereas the yield in RS exceeded
that in UBLL by 130%. Under the rainfed systems (RS and UBLL), the early maturing culti-
vars, WAB 208-5-HB, Emokokoo, Bouakel89, PSBRC 34 and PSBRC 66 were less affected by
the terminal drought that characterized the end of the rainy season, compared with the
medium maturing ones such as WITA 1, WITA 3 and IR58088-16-2-2. Interspecific WAB208-
5-HB (O. glaberrimax0. sativa) out-yielded most of the improved Oryza sativa cultivars
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in the UBLL ecosystem under both high and low input regimes.

Key Words: ecosystem, farming system, input regimes, interspecific, sawah.

Rice (Oryza sativa L.) is the most important food
grain for one-third of the world’s population (Crosson
1995). In developing countries, it accounts for 29% of
the total calorie intake of the population (Johnson 1996).
In Ghana and in West Africa, the gap between the sup-
ply of and demand for rice has been widening because
of a shift in the diet from the traditional coarse grains,
caused by urbanization (WARDA 1997a). Rice imports
rank second after wheat among cereal imports to Ghana.
About 42% of the country’s rice requirement amounting
to 300,000 metric t is imported (PPMED/MOFA 1999).
It is estimated that within 10 years, the consumption of
rice will reach 400,000 to 480,000 metric t. This will
require an increase in local rice production of over
600,000 metric t, if self-sufficiency is to be achieved.

! Present address: Crops Research Institute, P.O. Box 3785,
Kumasi, Ghana.

*Sawah: The term sawah refers to a leveled rice field sur-
rounded by a bund with inlet and outlet for irrigation and drain-
age.

Although the production in Ghana and West Africa has
increased over the past few years, it is still far below
consumption needs. Decrease of fallow periods and
expansion of cultivation into marginal lands, mainly in
fragile uplands, have been responsible for more than
two-thirds of the increase in production (WARDA
1997b). Inland valley ecosystems in West Africa offer a
large potential for expansion and intensification of rice
cultivation (Windmeijer and Andriesse 1993; Sakurai
2002). About 44% of the rice area is located in lowland
areas (Maclean et al. 2002), which cover about 20—
50 million ha in West Africa (WARDA 1998), with Gha-
na accounting for about one million ha (Wakatsuki et al.
1998).

During the Green Revolution, rice yields increased at
an average rate of 2.5% per year from 1967 to 1984
(Dawe and Dobermann 1999). This was mainly due to
the introduction of high-yielding varieties and the use of
high inputs such as fertilizers, under good water man-
agement conditions.
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Therefore, for intensive rice farming in the West Afri-
can sub-region, the adoption of modern cultivars and
water control technologies is essential (Sakurai 2002).
Farmers in Ghana and sub-Saharan Africa cultivate rice
mostly under rain-fed conditions with little or no bund-
ing. Since the field conditions alternate between flood-
ing and drought, added inputs, particularly nitrogen, are
prone to leaching and surface run-off, resulting in the
reduction of N-use efficiency (Fashola et al. 2001).
Average rice yield is therefore 1.6 Mg ha™'—the lowest
in the world. Traditional low-yielding, non- responsive
varieties are being replaced in West Africa (IITA 1992).

Since 1997, the Japan International Cooperation
Agency (JICA) and the Crops Research Institute of Gha-
na (CRI), using a farmer-participatory approach in three
towns of the Ahafo-Ano district in the Ashanti Region,
Ghana, have tested a technology popularly called
“Sawah” (Wakatsuki et al. 1998; Asubonteng et al.
2001a, b; Hirose and Wakatsuki 2002). The lack of suit-
able improved rice cultivars to fit into the various rice
ecosystems created by the JICA-CRI project necessitat-
ed the present study. The objective was to evaluate the
agronomic responses of 23 rice cultivars with various
growth traits in the irrigated sawah (IS) and rainfed
sawah (RS) ecosystems compared with the natural
unbunded, unleveled lowland (UBLL) ecosystem under
high and low input regimes.

MATERIALS AND METHODS

Field experiments were conducted in the Ashanti
region of Ghana at Biemso No. 1 and 2 project sites
(6°55’N, and 1°55’W) during the 2001 and 2002 grow-
ing seasons. The soil was a Haplic Gleysol with the
properties previously characterized by Asubonteng et al.
(2001a). Fertility characteristics are shown in Table 1.
The site was located in a semi-deciduous forest agro-
ecological zone characterized by a bimodal rainfall pat-
tern, the major rainy season starting from mid-March to
the end of July and the minor season beginning in Sep-
tember and ending in mid-November, followed by a
long dry spell, which ended by mid-March.

Table 1.

J. OFORI et al.

Twenty-three rice cultivars with various growth traits
(Table 2), some of which being modermn, improved culti-
vars cultivated in many parts of the West African sub-
region, were planted in three rice-growing ecosystems in
the lowland area under low and high input regimes. The
characteristics of the ecosystems, production treatments
and agronomic practices are presented in Table 3. The
experimental design for each ecosystem was a split-plot
randomized complete block design. The main plot (size:
5 mX3 m) factor included the rice cultivars tested, while
the inputs levels were assigned to the sub-plots, 5 mX
1.2 m in size with 0.6 m wide bunds between them.
Treatments were applied with three replications.

The ecosystems included irrigated sawah (IS), con-
sisting of a bunded and leveled field irrigated by a weir
and canal system, rainfed sawah (RS) which was also
bunded and leveled with water supplied by rainfall only,
and an unbunded, unleveled lowland ecosystem
(UBLL). Land preparation in UBLL was performed by
slash and burn, as practiced in traditional lowland farm-
ing systems. In UBLL, sowing was performed by dib-
bling at the rate of 6 seeds, 3 cm deep at each position
with a spacing of 20X20 cm. Fourteen days later, the
seedlings were thinned to 2 plants per hill. In the irrigat-
ed and rainfed sawah farming systems, land was
ploughed and harrowed wet (puddled), after which 21 d-
old seedlings were transplanted at 20X20 cm intervals
with two seedlings per hill. In the rainfed sawah system,
irrigation was applied only during land preparation and
transplanting. Basal application of fertilizers at the rates
of 45 kg N, 45 kg P,O, and 45 kg K,O using NPK (15-
15-15) was conducted just after transplanting under the
high input regime. Top dressing was performed 30d
afterwards at the rate of 45 kg N per hectare. A mixture
of SLha™' Propanyl (360 gL~' propanil) and 1.0L
ha™! Weedone (480 g L~! 2,4 D-amine) was applied at
21 d after transplanting (DAT) and 21 d after sowing
(DAS) in the case of UBLL followed by hand weeding
at 42 DAT (51 DAS in UBLL). Under the low input
regime, nitrogen at the rate of 20kg N per hectare
(based on average farmer’s practice) was the only nutri-
ent applied at 40 DAS for UBLL and at 30 DAT for the
IS and the RS systems. Weed management under the

Soil fertility characteristics of irrigated sawah (IS), rainfed sawah (RS) and unbunded and unleveled lowland (UBLL)

systems compared with mean values in lowland topsoil of West Africa (IVS).

Si pH Total C Total N Avail. P Exchangeable cations (cmol, kg™")

1 _

e (H,0) (%) (%) (mgkg™") Ca Mg K Na
1S 5.9 1.53 0.17 4.9 3.94 1.17 0.13 59
RS 5.3 1.60 0.15 4.1 3.51 1.60 0.30 5.3
UBLL 5.7 1.79 0.20 4.4 5.13 1.81 0.27 5.7
IVs® 5.3 1.3 0.11 8.7 1.89 0.88 0.25 33

“Inland valleys (Hirose and Wakatsuki 2002).
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Table 2. Rice cultivars used for the experiments in 2001
and 2002 in Ashanti region, Ghana.

Entry Cultivar Maturity
number groups
1 WAB208-5-HB* EM
2 Emokokoo® EM
3 PSBRC34 EM
4 PSBRC54 EM
5 PSBRC66 EM
6 BOUAKEI189 EM
7 WITA 8 EM
8 Tox3108-56-4-2-2-2 INT
9 IR5558-50-2-3-3-2 INT
10 IR58088-16-2-2 INT
11 1R54742-31-9-26-15-2 INT
12 C123CU83-1CU-5CU-6CU-3CU-1CU INT
13 CT9737-6-11-6-3P-M INT
14 CT8003-1-2A-M-1P INT
15 CT9737-6-1-1-6-1P INT
16 WITA 1 INT
17 WITA 3 INT
18 WITA 4 INT
19 WITA 6 INT
20 WITA 7 INT
21 WITA 9 INT
22 WITA 12 INT
23 GK88 INT

Early maturing cultivars: 80—130 d. Medium-maturing cuitivars:
130-160 d. *Oryza glaberrimaXOryza sativa. *Oryza glaber-
rima.
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low input regime involved hand weeding at 30 DAS for
UBLL (30 DAT for the IS and the RS systems).

The date of anthesis of each cultivar was determined
by visual observation when the full panicle was exserted
in 50% of the plants. Before harvest, plant height was
measured in 5 hills per plot. Yield components; namely
number of panicles per square meter, number of spike-
lets per panicle, percentage of filled grains and 1,000-
grain weight were determined in 25 plants sampled ran-
domly. The percentage of filled grains was defined as
the number of grains that sank in salt water with a spe-
cific gravity of 1.06 as a percentage of total spikelets.
Plant samples from twenty-five hills were taken in each
plot to determine the grain yield at a 14% moisture con-
tent.

Data were analyzed using a mixed model procedure
(SAS/STATVIEW 1999). Combined analysis of vari-
ance across growing seasons was computed, with grow-
ing seasons, ecosystems, input levels and cultivars being
fixed.

RESULTS AND DISCUSSION

The soil data of the three ecosystems (IS, RS and
UBLL) (Table 1) were similar to those of the top soils of
the inland valleys (IVs) of West Africa, revealing a very
low content of plant nutrients, actually the lowest in the

Table 3. Summary of agronomic practices for rice cultivar experiments under three growing conditions and at two input levels.

Ecosystems

Agronomic practices
1. Soil and water

management

2. Source of water

3. Water management

Irrigated sawah (IS)
Bunded and leveled field with

inlet and outlet for irrigation
and drainage

Dyke and canal

Submergence after transplanting

Rainfed sawah (RS)
Bunded and leveled field with

outlet for drainage

Rainfall

Duration of ponding of water
depends on amount of rainfall

4. Method of land Ploughed and puddled Ploughed and puddled
preparation
5. Planting method | Transplanting Transplanting

High input level (HIL.) Low input level (LIL)
6. Fertilizer rate 90-45-45 20-0-0

(kg ha™") N-P-K

7. Fertilizer
application (kg ha™")

8. Weed management

45-45-45 as basal application at
planting. 45 kg N at panicle
initiation stage (PI)

Herbicide:

Propanil (360 g L™') and Weedone
(2,4 D-amine 480 g L)
Herbicide application at 21 DAT+
manual weeding at 42 DAT

20 kg N after manual weeding
(approx. 40 DAS)

Manual weeding:
Approximately at 30 DAS

Unbunded/unleveled lowland (UBLL)

Field neither bunded nor leveled

Rainfall

Field not ponded by water for more
than 24 h after rainfall

Slash and burn

Direct sowing by dibbling

Under the sawah systems, low input
fertilization was conducted at 30 DAT

Under UBLL, high input weed
management was as follows:
Herbicide at 21 DAS +manual
weeding at 51 DAS

DAT, days after transplanting; DAS, days after sowing.
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world (Hirose and Wakatsuki 2002). The pH indicated
that the soils were slightly acidic in nature. Although the
potassium content was low, the phosphorus level was
similar to the level in IVs of West Africa. However, the
Ca and Mg contents at the study site were relatively
higher than those in IVs. Sodium content was slightly
higher in the rainfed sawah ecosystem but lower than
the average value in West Africa Inland valleys. The soil
fertility data indicated that for sustainable rice produc-
tion in the inland valley systems of West Africa, nutri-
ent-replenishing farming systems would be essential.
Grain yield averaged across the growing seasons and

Table 4. Mean grain yield and yield components of 23
lowland rice cultivars at high input level (HIL) and low
input level (LIL) in Ashanti, Ghana, 2001 and 2002.

HIL LIL
Grain yield (Mg ha™!) 4 2%%* 2.1
Panicles (m™2) 266%%* 201
Spikelets (panicle™) 85kk* 61
Spikelets (m~2X1,000) 22 THE* 12.9
% Filled grain 66*** 56
1,000-grain weight (g) 26.4*** 25

":"*Signiﬁcant at 0.001 level.

J. OFORI et al.

input levels (Table 4) was 3.2 Mg ha™', a value above
the national average of 1.9 Mg ha™!, but slightly below
the world average of 3.9 Mg ha™' (FAOSTAT 2004).
The high input level (HIL) led to a significant increase
of the grain yield of rice by 100%, with a mean yield of
42 Mg ha™' compared with 2.1 Mg ha™' for the low
input level (LIL) (Table 4). These results were mainly
due to the increase in the spikelet number per unit area
under the HIL regime, which was 76% higher than that
under the LIL regime, underscoring the importance of
this yield parameter for determining the grain yield
(Pathnaik et al. 1991). Nitrogen fertilization and opti-
mum weed control could also enhance the number of
grains per unit area (Wada and Matsushima 1962; Nor-
man et al. 2002; Kendig et al. 2003). However the
1,000-grain weight increased by only 5.6% for HIL
compared with LIL. According to Yoshida (1981),
1,000-grain weight is a stable varietal character because
the grain size is rigidly controlled by the size of the hull.
Singh et al. (1999) observed that the N rate and soil type
did not affect the 1,000-grain weight despite its large
impact on grain yield, yield components and harvest
index.

Rice growing in the lowland area significantly influ-
enced the yield and all the yield components (Table 6).

Table 5. Mean grain yield and yield components of 23 lowland rice cultivars grown under irrigated sawah (IS), rainfed sawah

(RS) and unbunded, unleveled lowland (UBLL) systems.

Grain yield No. of panicle  No. of spikelets No. of spikelets . . 1,000-grain weight
(Mg ha") ') (panicle . (m-x1000) % Filled grein o
IS 5.5 292.0 91.0 27.0 73.0 28.0
RS 3.0 234.0 73.0 17.0 62.0 26.0
UBLL 1.3 173.0 53.0 10.0 49.0 25.0
LSD (0.05) 0.2 9.0 6.0 1.1 1.2 04
Table 6. Combined analysis of variance for grain yield, growth and yield components.
No. of No. of No. of . . Days to
Sources of variation df G.r amn spikelets  spikelets  panicles % Fl!led 1’000. MM plant height 5();%
yield Zs s L grain weight .
(m™7) (panicle™) (m™) flowering
Growing seasons (Y) 1 Hadeok ik Fkok *kok NS Fakk NS NS
Cultivars (C) 22 k%K ek koK Kk kK% Heoksk % %%k ¥k k
Rosystems (E) 2 kokk *okk skokok ook ke sk Heokok ook NS
Input ]evel (IP) 1 %%k *kskek kK% ek Heskk kkk kkk *kok
YXC 22 ek kK% Fkok *% NS ek % %k % *
CXEXIP 44 e sk %k dok %k %k EE 2 Heksk Kk

*Significant at 0.05 level. **Significant at 0.01 level. ***Significant at 0.001 level. NS, not siéﬁiﬁcant at 0.05 level.



Performance of Rice Cultivars in Sawah Ecosystems

The grain yield in the irrigated sawah (IS) and the rain-
fed sawah (RS) systems was 323% and 130% higher
than that in the UBLL system (Table 5). The large dif-
ferences in the IS system compared with the UBLL sys-
tem can be explained by the multifunctionality of the
sawah type characterized by the high performance of
constructed wetlands, which can control weeds, neutral-
ize soil pH, increase the P content, enhance the avail-
ability of other plant nutrients, fix nitrogen as well as
conserve soil and water (Ponnamperuma 1972; Waka-
tsuki 1994; Wakatsuki and Masunaga 2004).

The growing season significantly affected the yield
and yield parameters except for the percentage of filled
grains (Table 6), but did not affect the plant height and
number of days to 50% flowering. There was an ade-
quate amount of rain water during the 2001 and 2002
period (Fig. 1) for good plant performance but the vari-
ability in the distribution of rainfall may explain the dif-
ferences in yield between the two seasons, particularly
in the two-rainfed systems (RS and UBLL). Since no
severe drought temporarily stopped plant growth com-
pletely in either of the 2-year experimental period, the
seasons did not affect the number of days to 50% flow-
ering. According to Obermueller and Mikkelson (1974)
and Lillay and Fukai (1994), the number of days to
flowering or maturity can only be delayed if drought
temporarily interrupts the growth of the plants during
the vegetative growth stage. Terminal drought experi-
enced during this experiment did not affect significantly
the percentage of filled grains, presumably because a
sufficient amount of assimilates had been stored during
the plant growth stages (Singh et al. 1995).

Differences in the amount and distribution of rainfall
in the two growing seasons may explain the significant
interaction between growing seasons and input levels
(Table 6). Uptake and utilization of plant nutrients for
plant growth and development are markedly influenced
by the availability of water (in this case rainfall for both
RS and UBLL systems). Again in the absence of com-

350 -
300

250

E==3 Rainfall(2001)
- 200 | Rainfall(2002)
E 150 . — | —&— Temp(2001)

—=— Temp(2002)

100

50

May Jun Jul Aug Sep Oct Nov
Month

Fig. 1. Monthly rainfall (mm) and mean temperature during
the experiment at the study site, Biemso, Ashanti Region in
2001 and 2002.

Table 7. Mean grain yield, and yield components of 23 rice cultivars grown in three ecosystems at two input levels across growing seasons in Ashanti region, 2001 and 2002.

1,000-grain weight (g)

% Filled grain

No. of spikelets
(m~2X1,000)

No. of spikelets

No. of panicles (m~2)

Grain yield (Mg ha™!)

Production

environment

Growing
season

(panicle™")

LIL

HIL
26.9

LIL

HIL
79.4

LIL

HIL

33.6

LIL

HIL

105

LIL
268

LIL
3.6
1.8

0.4

HIL
7.01
33

26.3

74.4

19.5

70
66

325
273
207

IS
RS

2001

13.1 70.6 56.0 26.3 26.7

17.7

65

199

65 38 13.3 5.1 470 36.8 26.0 233

137

1.6

UBLL

265 104 80 343 21.1 79.8 71.7 270 26.5
201 93 71

323

4.0
2.1

7.3

IS
RS

2002

253

26.7

59.0

73.0

14.1

22.0

270
217

4.2

73 39 15.7 5.3 46.5 36.5 26.0 234

140

0.5

2.0

UBLL

53 0.5 0.7 03
6.5

0.1

LSD (0.05)

0.8 03

0.6

0.1

LSD (0.05)°

2LSD values for comparing means within and across growing seasons and input levels. *LSD values for comparing means within and across ecosystems.
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Table 8. Mean grain yield and yield components of 23 rice cultivars grown in lowland ecosystems at low and high input levels.

IS RS UBLL
Entry No. Cultivar
HIL LIL HIL LIL HIL LIL
(Mg ha™")
1 WAB 4.6 29 2.8 1.6 2.1 0.6
2 Emok 4.0 2.8 29 1.3 14 0.5
3 PSBRC34 7.7 35 30 2.1 20 04
4 PSBRC54 8.0 37 38 2.1 1.7 04
5 PSBRC66 57 33 3.8 20 1.8 04
6 BOAK189 7.0 3.8 37 20 1.4 03
7 WITA 8 7.8 4.2 44 2.1 1.8 0.5
8 Tox3108 7.1 4.1 4.0 23 2.3 0.6
9 IR5558 79 4.0 38 20 1.8 0.5
10 IR58088 7.7 4.0 37 1.8 1.4 03
11 IR54742 7.7 43 4.0 2.2 1.9 04
12 C123CU 6.9 4.1 4.2 1.9 2.0 04
13 CT9737 6.5 4.0 4.0 1.7 1.9 0.6
14 CT8003 73 38 38 1.7 20 0.5
15 CT9737-P 8.2 4.0 43 1.8 1.2 05
16 WITA 1 7.6 36 i3 1.8 09 03
17 WITA 3 7.6 3.5 4.1 20 1.3 0.5
18 WITA 4 8.0 4.1 37 2.1 1.5 03
19 WITA 6 8.0 35 4.0 23 14 0.3
20 WITA 7 7.3 3.7 38 22 2.0 0.4
21 WITA 9 7.6 44 45 28 2.0 0.6
22 WITA 12 7.6 4.0 38 1.9 1.8 04
23 GK88 7.5 38 35 20 1.8 0.5
Mean (n=23) 7.2 3.8 38 2.0 1.7 04
Range (4.0-8.2) (2.8—-4.4) (2.8-4.5) (1.3-2.8) (0.9-2.3) (0.3-0.6)
SD 1.51 0.81 0.81 045 0.44 0.12

Entry 1-7: Early-maturing cultivars. Entry 8—23: Medium-maturing cultivars.

plete submergence, weed infestation may drastically
reduce the grain yield.

A significant growing season X ecosystem X input inter-
action was observed for all the parameters studied (Table
6). Across the growing seasons, the yield of rice was rel-
atively stable under the high input level (HIL) regime of
IS compared with that of both RS and UBLL, which
depended only on rainfall as a source of water (Table 7).
The high yield of rice for both seasons in IS under the
HIL regime was due to the increase in the panicle num-
ber and number of spikelets per panicle. The relatively
low yield under the rainfed conditions may be due to the
low availability of plant nutrients. According to De Dat-
ta and Buresh (1989), the utilization of nutrients, partic-
ularly nitrogen, under rainfed conditions is low due to
losses by run-off, volatilization and denitrification as a
result of flooding that alternates with droughty condi-
tions. However, the grain yield in the rainfed sawah
exceeded that in UBLL by 164%, probably due to the
presence of more effective water-conserving structures
(i.e. bunding and leveled field), which enhanced water
availability to the crop.

Yield response of rice cultivars to inputs as influenced

by the extent of water availability varied significantly
(Table 8). Rice yield ranged between 4.0 and 8.3 Mg
ha™' when high inputs were applied in the irrigated
sawah system. For instance WITA 6, PSBRC54,
CT9737P, WITA 4 and WITA 6 yielded 8.0 Mg ha™' or
more, whereas WAB and Emok of Oryza glaberrima
origin produced 4.6 and 4.0 Mg ha™', respectively under
the same growing conditions. The low response of WAB
and Emok to optimum growing conditions could be due
to the low tillering ability and low response to nutrients,
particularly nitrogen—which characterize O. glaberrima
rice.

Average yield of rice (3.8 Mgha™") in the irrigated
sawah under the low input regime was similar to that in
the rainfed sawah under the high input regime. Perfor-
mance of individual cultivars in these two systems did
not differ significantly (Table 8). The yield level of rice
in the irrigated sawah with low inputs may be due to the
submerged conditions which resulted in effective sup-
pression of weeds and release of some fixed plant nutri-
ents for uptake by the rice plants. In economic terms, it
is reasonable to select irrigated sawah with low inputs
over rainfed sawah, which requires costlier inputs to
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produce an equal amount of rice. However, considering
the soil mining effect due to the lack of inputs in the irri-
gated sawah system, sustainable rice production over a
longer period of time could be adversely affected.

In the unbunded-unleveled lowland system, interspe-
cific WAB (Oryza glaberrimaXOry:za sativa) performed
better in terms of yield than most of the improved Oryza
sativa cultivars used in this experiment (Table 8). These
results could be due to the high competitive ability with
weeds and relatively higher drought tolerance trait
(Jones et al. 1997; Dingkuhn and Sow 1997). However,
the overall average yield of 1.7 Mg ha™' recorded in
UBLL under the high input regime was too low for any
meaningful rice production system. This, therefore indi-
cates that the performance of improved varieties even
with optimum inputs would be low in the absence of
good water management.

CONCLUSION

There was a high yield response to good water man-
agement conditions in the sawah system with optimum
input level. About 70% of the cultivars tested in the irri-
gated sawah system achieved a grain yield of 7.0 Mg
ha™! or higher. Cultivars responded differently to the
changes in water availability and input levels. Cultivars
of glaberrima origin Emok and inter-specific WAB
(sativaX glaberrima) appeared to be better adapted to
stressed conditions. Cultivars with short growing dura-
tion could be more suitable for cultivation under the
rainfed systems. In the absence of irrigation facilities,
the rainfed sawah system may enable cultivars to pro-
duce an economic yield under rainfed conditions. This
was evident in the current study, as in the RS system, the
average yield increased by 163% over that of unbunded
and unleveled lowland ecosystem across growing sea-
sons and input levels.

Agronomic evaluation for the selection of rice culti-
vars must be performed in various ecosystems based on
the local farming systems, to ensure their sustainability.

The higher yield response (7.0 Mg ha™') observed in
the irrigated sawah system for most of the improved cul-
tivars used in the present study underscored the need for
widely adopting the system in the West African sub-
region, if the Green Revolution experienced by the
South-East Asian countries is to be achieved.
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