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ABSTRACT  The contribution of the sawah system (bunding, leveling, and puddled fields to irrigated
rice cultivation) was studied alongside the traditional slash-and-burn, rain-fed lowland rice farming
system in the inland valley bottom of the Ashanti region, a semi- deciduous forest zone in Ghana.
Different organic and inorganic fertilizers were tested under the different systems. The results revealed
that the sawah system resulted in a greater number of productive tillers, higher straw production, and
higher grain yield compared to the farmers' rain-fed lowland practice.

Among the fertilizer treatments, the poultry manure, relatively rich in both N (nitrogen and P
(phosphorous), and the use of the inorganic fertilizers N 90, P,05s 60, and K20 60 kg ha"! at the
recommended rate for rice exerted similar effects on grain yield under both systems This means the soils
were relatively deficient in available N and P. The sawah system had a remarkable effect on N uptake by
rice grain and straw in the inland valley bottom. Agronomic uptake N efficiencies and agronomic N
efficiencies of fertilized N in both mineral and organic forms were considerably higher under the sawah
system in the valley bottom. The present rain-fed lowland condition of local farms in the inland valley
bottoms of the Ashanti region of Ghana showed very poor efficiency in the use of fertilized N in both the
mineral and organic forms. Our study results indicate that use of the sawah system is a prerequisite for
the efficient use of fertilizer to increase rice yield in the inland valley bottom.

Key words: agronomic efficiency / Ghana & West Africa / inland valley bottom / inorganic fertilizers /
rain-fed lowland condition / organic manures / phosphorous deficiency / sawah system

The agricultural productivity index in Ghana and other countries in West Africa fluctuates mainly
because the country's agriculture is rain-fed and subsistence farmers relying on the rain are the main
backbone of farming in the country. The majority of farmers still practice the traditional shifting
cultivation method of farming. Under this system, farmers clear the native vegetation by the slash-
and-burn method and then grow crops. The efficiency of shifting cultivation depends mostly on the
duration of the fallow period and the nature and density of the fallow vegetation. Rapid increases in
human population and the associated increases in demand for farmland and wood products have
overburdened this traditional cultivation method. Long fallow periods, which in the past lasted 10 to
25 years, have been shortened drastically (to one or two years) or disappeared in areas like the valley
bottom sites in Ashanti where rice is cultivated yearly. This has resulted in increasing degradation of
farmland increasing infestation of problem weeds, and declining yields and production of food crops
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Fig.1. Traditional rice farming practice in inland valley bottom of Ashanti region, Ghana.

(Atta-Krah et al., 1993). When food production targets are not met, food must be imported especially
rice, to meet rapidly increasing domestic requirements. It is estimated that 42% of the country's rice
needs of 400,000 metric tones is imported (PPMED, MOFA, 1999), which is more than double the
amount imported 10 years ago. The imports constitute a heavy drain on the country's meagre foreign
exchange reserves.

Asian farmers solved their rice production problems partly by converting the tropical lowland
soils of the humid zone into bunded, levelled, and puddled fields (known as the sawah* system). The
green revolution was realized in Asia in the 1960s mainly because of the adoption of high rice
yielding varieties, fertilizers, pest control, and irrigation techniques based on the sawah technology
developed previously (Wakatsuki et al. 1994; Wakatsuki et al., 1998). Fortunately, inland valley
swamps, according to many authors (Wakatsuki, 1988, 1991, 1994 Windmeijer & Andriesse, 1993;
Hirose and Wakatsuki, 1997; Wakatsuki er al., 1998), are environments suitable for efficient and
sustainable rice production in Ghana and other West African countries.

In a previous report (Asubonteng ef al., 2001), reported results from a detailed characterization
and evaluation of soils, water, and land use indicate that given their assured water supply and because
of relatively fertile soils in the valley bottoms, inland valleys can contribute to the increase and
stabilization of rice production. However, most farmers still use their traditional methods of
cultivating rice in the valley bottoms. Farmers slash and burn their fields, dibble rice, and weed twice
or thrice without water control or fertilizer application. The paddy yield obtained is often very low,
0.5 -1.5 t ha'! (Fig. 1).

In Ghana, the Valley Bottom Rice Development Project was initiated in 1989 to develop
sustainable technologies for integrated soil, land and water, and crop management in the production of
rice and other crops in the inland valley (Otoo, 1994). Although considerable progress has been made
in addressing some of the researchers' constraints, the detailed characterization and evaluation of the
study site have revealed that even though valley bottom soils are slightly richer than those of the
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uplands, they are still low in nutrient reserves to support intensive rice cultivation. Water control and
weed infestation are also major constraints to rice production (Asubonteng et al., 2000). Therefore,
new farming systems that attain both soil restoration and high yield must be developed to achieve
effective and sustainable rice production (Wakatsuki ef al., 1998).

Mineral fertilizers could be used to improve fertility management of these soils, and a large
amount of literature on their comparative efficiency is available (Djokoto & Stephens, 1961; Kwakye,
1975; DeDatta et al., 1983; DeDatta & Buresh, 1989). The fact that farmers are relying on rain-fed
field conditions, without any water management, makes the efficiency of the fertilizer very low. In
addition, the high prices, high cost of handling, and poor distribution networks of inorganic fertilizers
have resulted in serious setbacks in their use by small-holder farmers who form the majority of the
farming population.

Different sources of organic residues (cow dung, poultry manure, and decomposed rice straw) are
available in reasonable quantities in farming communities of this area that could provide nutrients as
well as increase the organic matter, which would in turn help improve the nutrients reserve especially
nitrogen in the soil (Asubonteng, 1997; Asubonteng et al., 2001). Nutrient retention, weed control,
and water management could also be improved in submerged fields (Wakatsuki, 1994). The sawah
system as implemented in some parts of Asia is known to be sustainable; it is characterized by
nutrient replenishing mechanisms with intrinsic resistance to erosion (better water control and nutrient
and weed management).

The implementation and adaption of a sawah-based rice farming system (Wakatsuki et al., 1998)
could be important in Ghana and West Africa to improve the nutrient status of their soils and achieve
an appropriate water and weed management saystem, which promotes better economic fertilizer
management practices, and a sustained rice yield. The purpose of the present investigation was
therefore to compare the sawah system with the traditional rain-fed lowland rice cultivation method of
local farmers.

MATERIALS AND METHODS

Study Area The experiment was conducted at the Potrikrom site of Dwinyan inland valley which is
part of the Mankran valley system in the Ahafo-Ano South District of Ashanti. The site is located in
the semi-deciduous rainforest vegetational zone. The area has a bimodal rainfall pattern; the annual
rainfall was 1363.1 mm during this experiment. The major rainy season lasted from mid-March to the
end of July with a peak in July. The minor rainy season began in September and ended in mid-
November. Relative humidity figures ranged between an average of 87.9% at 0900 hours to 62.8% at
1500 hours The experimental site was located at the valley bottom under a bush-fallow for the last
two years before initiation of the experiment. The soil type was Haplic Gleysol with low nutrient
levels (Asubonteng et al., 2001). The experimental land was first cleared by slashing the vegetation. A
split-plot design with a farmer's field and a sawah field as the main plots and six fertilizer treatments
as subplots was used(Table 1). There were 4 replications. Each subplot measured 5 m X5 m. Bands 50
cm high were mounted around the edges of each sawah plot in order to hold water (Fig. 2 and Table |
). The sawah fields were bunded, levelled, and puddled using a power tiller. When necessary, sawah
fields were irrigated using a small hand pump to lift water from the river. In the field representing the
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Fig.2. The field experimental layout of experimental plot in Potrikurom site near the
Transect 5 (Fig. 1, 2 and S in Asubonteng et al., 2001).

farmers' rice cultivation practices the vegetation was burnt after slashing. Organic manure was applied
and mixed with topsoils three weeks before transplanting. The rice variety "sikamo" was used as the
test variety and was transplanted at 20 X 20 cm spacing. T1 was a control plot in which no fertilizer or
organic manure was applied. On T3, a basal application of 60 kg N ha' ammonium sulphate, 60 kg
P,0s ha” triple superphosphate, and 60 kg KO ha'! muriate of potash were applied just before
plowing and/or puddling for transplanting. Thirty kilograms of N ha' ammonium sulphate was
applied for top dressing at the maximum tilling stage. T2 received only a basal application of 45 kg N
ha-l, 30 kg P,Os ha'l, and 30 kg K,O ha! of the same types of fertilizers. Organic manure at a rate of 4t
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Table 1. Fertilizer treatments in two experimental plots of farmer's rain-fed field and sawah field.

Treatment Organic residue Nutrient addition
applicationrateindry N P20s K>0O

weight(ha year?) ) (kg ha'! year)
T1 Control 0 0 0
T2 Chemical fertilizer 45 30.0 30
T3 Chemical fertilizer 90 60.0 60
T4 Poultry manure 4 ton 81 28.0 36
T5 Cowdung 4 ton 57 6.4 36
Té Decomposed Rice Straw 4 ton 31 2.8 72

Table 2. Comparison of sawah and farmer crop (rice) husbandry practices.

1st w. of June : 3rd w. of June ESrd w. of July E 2nd w. of Aug.i 1st w. of Sept. E] st w. of OctE 3rd w. of Oct.

T
|}

E Transplanting E

|
: H g

Famer's fieldi Application of jand basal applicaj Weeding | 2nd weeding ; 3rd weeding - i Harvest
¢ organic manureition of inorganig ; i Top dressing (T3); ;
: v fertilizer } : : - :
E : Transplanh’ng? : : : :

Sawah i Application of jand basal applica; Noweeds i Noweeds i Pickupweed | - i Harvest

! organic manureition of inorganif ¢ ! Top dressing (T3)! !
) v fertilizer : : E E i
'
E Flooding of sawah field using small pump Drain water from
]
1

sawah field

Organic manure: Poultry manure, Cowdung, Decomposed rice straw
Inorganic fertilizers: Ammonium Sulphate, Triple Super Phosphate, Muriate of Patash

ha-! (dry basis) was used. Total N, P,Os, and K,O contents of poultry manure, cow dung, and
decomposed rice straw used were 2.02% 0.7%, and 0.9 %, 1.42%, 0-16%, and 0.9%, and 0.78%,
0.07%, and 1.8%, respectively. The increase in the amount of N and other nutrients as a result of
various treatments is depicted in Table-1. The farmers'practice was weeded three times. The sawah
fields received no weeding (Table 2). The number of productive tillers, the panicles, and straw and
grain yield were recorded, and N uptake of the grain and straw was analyzed. The top 20 cm of the
soil was sampled for analysis before fertilizer application. Soil samples were air dried, ground and
passed through a 2-mm mesh sieve. Soil pH was determined using a pH meter (with a glass electrode)
with a soil-to-water ratio of 1:2.5, according to the methods described by the IITA (1979) and McLean
(1982). Total carbon content was determined by the wet combustion method as described by Walkley
and Black (1934). Total N content was determined using an N-C analyzer (Sumigraph NC-90A) as
described by Geiger and Hardy (1971). Available P was determined by the Bray No.1 method (Bray &
Kurtz, 1945). Exchangeable Ca, Mg, K and Na were first extracted with 1.0 M ammonium acetate.
Contents of exchangeable K and Na were determined by atomic absorption spectrophotometry as
described by Thomas (1982). Contents of exchangeable Ca and Mg were determined by inductively
coupled plasma-atomic emission spectroscopy (Shimadzu ICPS 2000) Exchangeable acidity was
determined by first extracting with potassium chloride (1 M KCI) and titrating the extract with sodium
hydroxide as described by McLean (1965). Effective cation exchange capacity (ECEC) was calculated
as the sum of exchangeable cations (K, Ca Mg, Na) and exchangeable acidity. Particle size analysis
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Table 3. Chemical and physical properties of soil, Oda series (Haplic Gleysol, FAO), at the
experimental site (0-20cm depth).

pH Exchangeable cations Exch. Acid. ECEC  Base Sat.
H,O Ca Mg K Na Al+H
cmol(+) kg %

5.4 11.91 147 013 0.07 0.05 13.63 99.6

Org.C T-N O.M. C/N Avail. Sand Silt Clay
P20s
%o mgkg! %
1.51 0.13 2.6 11.6 5.04 57.0 31.5 13.5

was conducted by the pipette method as described by Gee and Bander (1986). N in the plant samples
was also determined using a NC analyzer (Sumigraph NC-90A).

RESULTS AND DISCUSSION

Results of the soil analysis are given in Table 3. Although exchangeable Ca and Mg were nearly as
high as in the inland valley soils in West Africa (Issaka et al., 1997), the soil pH was slightly acid and
medium ib organic matter and N content. The base saturation is very high (99.63%). The levels of
available P and exchangeable K were low. The soil tested was Haplic Gleysol (Oda series), typical in
the valley bottom in this area (Asubonteng et al, 2001). Table 4 gives the main effect of the farming
practices (sawah and local farmers' practice) on growth, yield components, and N uptake. Regardless
of the type of treatments, grain and straw yield, effective tillers, and agronomic efficiency, were
significantly higher with the sawah method than the local farmers' practice. It must be noted that even
in the control plots under the sawah system, where there was no application of fertilizer, the grain
yield was 2.5 t ha'! which was equal to the grain yield obtained in the farmers' plots where the
recommended rate of fertilizer (N90 P60 K60) was applied.

A possible explanation for the success of the sawah technology is that flooding of paddy soil
changes its chemistry for rice growth, including generally eliminating soil acidic problems (Ragland
& Boonpukdee, 1987) by increasing soil pH, which contributes to the rise in N availability (Willet &
Intrawech, 1988; Ragland & Boonpukdee, 1987). In contrast to that, in local famers' practice with no
water management there are large changes in the chemistry of the soils due to the fluctuation in soil
water with intermittent wetting and drying cycles. Even when there is a small undulation as shown in
Fig. 1, the micro depression and crest accentuate the wetness and dryness. Wetting and drying cycles
can cause large losses of N in the soil of a farmer's field. During drying phases in the soil, reduced
forms of N, particularly NHg4*, are nitrified to NO3™ (Sanchez, 1976). After soil flooding, a sometimes
occurs in farmers' fields lacking water control, NO3; may be lost by leaching or by denitrification to N,
and N,O gasses. Flooding and reduction of topsoil also increase P availability under the sawah system,
which may have also contributed to the high rice yield.

N uptake was more efficient and significant in treatments under the sawah system. The
recommended rate of inorganic fertilizer for rice (N90 P60 K60) resulted in the highest uptake of N in
both grain and straw (Table 4). In order to examine the effect of N fertilizer in the sawah system on
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Table 4. Productive tillers, yield and N uptake under sawal (S) and local farmers' field (F).

Productive | Straw yield [Grainyield | N uptakein N uptake in N uptake in
Treatment| tillers grain straw grain & straw
(stock) (t ha') (t ha) (kg ha) (kg ha') (kgha™)
S F S F S F S F S F S F | SF
Tl 8.8 55 |450 222 |25 1.5 | 423 256 | 255 181 | 67.8 436 |242
T2 11.8 70 |649 297 | 35 19 | 510 364 | 350 250 |86.0 614 |24.6
T3 175 105 |[960 410 | 49 25 |[867 503 |532 355 [1399 858 [54.1
T4 13.8 83 |[715 4.05 | 45 23 | 674 508 |43.2 348 (1107 849 |25.8
T5 12:5 78 |671 384 |39 21 |604 46.0 | 401 30.0 (100.5 76.0 |[24.5
T6 11.o 75 |630 365 |30 19 |599 480 |391 295 (990 775 (216
LSD 5% 1.1 0.28 0.3 18 2.5 6.7
1% 1.5 0.38 04 25 3.3 8.9

Table 5. AANUE, AUNE and ANE.

Treatment N add. AGrainyield AN uptake AANUE AUNE ANE
(kg ha') (kg ha') (kg ha') (N up./ N add.) (Graint/Nkg) (Graint/N kg)

S F S F 5 F "8 E & F

Tl 0 - - - - - - 36.9" 344 - -

T2 45 1000 400 182 17.7 0.40(0.94)* 0.39 55.1 225 222 89

T3 90 2400 1000 721 422 0.80(1.07)* 0.47 33.3 23.7 26.7 11.1

T4 81 2000 800 429 413 0.53(0.83)* 0.51 46.7 194 2438 9.9

TS5 57 1400 600 327 324 0.58 (1.00)* 0.57 428 185 246 10.6

Té 31 500 400 31.2 339 1.00 (1.79)* 1.08 16.0 11.8 160 128

A Grain yield: Gf - G¢, where Gf is grain yield of the fertilized plot (T2 - T6); Ge is that of the control plot (T1).

4 N uptake: NUf - NUc, where NUf is N uptake in grain & straw of the fertilized plot (T2-T6); NUc is that of control plot (T1).
AANUE: Apparent Agronomic N Uptake Efficiency (AN uptake / N add.)

AUNE: Agronomic Uptake N Efficiency (4 Grain yield /4 N uptake)

* values in parenthese were calculated as (4 Nf uptake / N add.), where 4 Nf uptake is NUf - NUcf (NUc in farmers' plot).
ANE: Agronomic N Efficiency (4 Grain yield / N add.)

**Ge / NUc
N add.: N addition by fertiliztion (the values are the same as Table | )
grain yield, the apparent agronomic N uptake efficiency (AANUE), agronomic uptake N efficiency
(AUNE), and agronomic N efficiency (ANE) of each treatment in both types of fields were calculated.
The results are shown in Table 5. AANUE was defined as N uptake of grain and straw of T2 to T6
minus T1 per the amount of N addition of each T I to T6. AUNE was defined as the increment of
grain yield per the increment of N uptake of each treatment compared to the control. ANE was
defined as the increment of grain yield per the increment of N addition of each treatment compared to
the control. The equations are shown in Table 5.

Although even in the farmers' fields the practice N uptake is higher for all the treatments than it is
in the control field, there was not much difference between the recommended rate of NPK and the
organic residues (Table 4). When there is no water control, the uptake and the efficiency of both N
fertilizers and organic manure applied remain limited. AANUE of T2, T4. TS5, and T6 were similar in
both types of fields. Following the greater application of N, P, and K fertilizers, T3 showed more
efficient uptake in the sawah than in the farmers' field. The difference of N uptake of T1 between the
sawah and farmers' field was 24.2 kg ha". This shows, apart from the addition of N fertilizer, the effect
of the sawah system itself in enhancing N uptake. If the AANUE of T2-T6 in the sawah system is
culculated based on the TI of the farmers' field, the value increases from 0.40-1.00 to 0.83-1.79, as
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shown in the parentheses in Table 5, which also shows the effect of the sawah system. In the farmers'
field. AUNE of treatments T2-T6 were considerably smaller than the uptake N efficiency, 34.1 (grain
yield/ N uptake in grain + straw), of the control plot in the farmers' field (Table 5). This means, in the
present farmers' field condition, that the applied mineral and organic fertilizers is not effectively
utilized by rice plant. Under the sawah system with water control, both mineral and organic fertilizers
gave higher grain yield and N uptake as well as higher AUNE, except for the rice straw treatment, T6,
and the recommended fertilizer plot, T3. In the T6 treatment, P availability may be another limiting
factor because of the small addition of P (Table 1) and the poor amount of available P in the soil
(Table 3). In the recommended fertilizer plot of T3, this lower apparent agronomic N efficiency means
that the amount of this N level may be close to optimum. ANE showed a similar trend to AANUE.
This is the indictor for the economic production obtained per unit of nutrient applied. In every case,
the sawah system had superior performance. ANEs of the sawah fields were more than double than
those of the farmers' field. The biggest difference was 2.4 times in T3, which received the highest rate
of chemical fertilizer. As for the effect of the application of organic manures and the inorganic
fertilizers under the different crop husbandry practices, the inorganic fertilizer resulted in higher grain
and straw yield under both systems, although it was not significantly different than treatments of
poultry manure. As for the effect of the application of organic fertilizers and manures on paddy
additional yield, the maximum yield resulted from the application of poultry manure and the lowest
yield, significantly, resulted from rice straw incorporation This means that the soils used were
deficient in not only N but also P, as shown in Tables I and 3.

CONCLUSION

The results and observations indicate that under the sawah system rice production can be increased
more than 400 % (Ave. 4.5 t/ha) over what the local farmers now obtain (Ave. 1.0 t/ha). This shows
that if the sawah-based farming system is adapted in even 100,000 ha of the 1,000,000 ha of land in
inland Valley suitable for rice cultivation, the country can be self sufficient in rice production.
However, futher studies are needed to understand the chemistry of the interaction of water and the
organic and inorganic amendments under the sawah system compared to the present farmer's field
condition in Ghana and other West African countries. Such studies would help farmers in these
countries to realize the full potential of the sawah technology in food production, in particular the
production of rice.
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K. O. ASUBONTENG, A{RBX#, HE—, #8%k=-2Z, FAFZ, E OTO0O
H—F, 7+ TS ORESEMOIMEICETS Sawah (OkA) BERT
LDFHE

H—F OV - %R EHITMB/T 27 2 v T HIONPERHIERIC B W T, sawah OKH) A7 L (B
D, 1L, RhEICKDHERBE) OMREEHNFEMCE 2 FKE & B L THELZ. R35
BEE 2T LDH EITO L DODFA L BITE ORISR E1T 5 7. Sawah > AT LATEERORK(EHY
BEGEE ARG TO%K, 7T EER, WIERNSKEH o7 IBEOPTT, HEMN & PICEOHR
=W & SR EL N 90, PoOs 60, KO 60 kg ha™t OHESERUGIAEAS, MIRRIE S A T LICH W TR LICRE
BROMEERL, TOZEFIIBPOFFRIE NEP NRZERTH S &R L. BHEIZHNT
sawah Y ZF AR ET SO N WMNICKERIRZERL, T-MEHE - AHRIESHITHIE N ORI N F
FZh# & N FIFHZIRIE, BHEKHLO sawah 3 AT L TE<I2> 7, BIEDT & v T Hig O IZH
2 FAKEHOSE AT, MEHE - AHIES ©ITHIE N OFfZIRIZIERICEN -7z, AUTFERRIE, PBE
BHHEHD I 35 W TR AEEE RSN D 7= 8 DI OB RV I sawah AT AOBANNETH D &
2Rl



