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SUMMARY 
Organic matter is often used as an index of soil fertility. However, the application of 

organic fertilizer or compost can significantly increase the content of soil organic matter. The 
purpose of this experiment is to study the effect of organic material on yield enhancement of 
rice in the Gambia. The results indicated that the estimated amounts of N, P, and K from the 
main crop residues in 1999 are 1768 tons, 123 tons, and 2124 tons, respectively. The estimated 
amounts of N, P, and K from the main livestock manure in 1999 are 27607 tons, 13527 tons, 
and 29646 tons, respectively. A good ingredient of compost should consider both in quality and 
practicality. Rice hull and cattle waste compost made from rice hull, cattle, and rice bran at the 
ratio of 50:40:10 by dry weight basis could get a stable quality. The N, P, K, Ca, Mg, and OM 
content of this cattle waste – rice hull compost were about 0.53%, 0.10%, 0.36%, 0.16%, 
0.09%, and 70.4%, respectively. Field experiments showed that the growth and yield of rice on 
the application of green manure 10 t/ha plus urea 100 kg/ha and cattle waste – rice hull 
compost 5 t/ha plus urea 100 kg/ha have stable performance in both 1999 fall and 2000 spring 
cropping seasons. Rice yield of those treatments is higher than that of check plot by 13-20%. 
Therefore, this ingredient of cattle waste – rice hull compost and applied in rice field can be 
recommended to farmers in the Gambia. The application rates with cattle waste – rice hull 
compost 5 t/ha plus urea 100 kg/ha were appropriated and suitable for rice production. 
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INTRODUCTION 
The Gambia is located on the Atlantic coast of West Africa, between west longitude 14° 10’ 

- 16° 38’ and north latitude 13° 12’ - 13° 32’. It covers 11,295 km2 of land with about 1,336,000 
people (1999)(19). The farmland available is about 558,000 ha with a farming population of  
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648,857 (NASS)(19,20,21). Major crops are rice, groundnut, millet, sorghum and maize. The Gambia 
River, which initiates from Guinea Conakry, is the most important water source for crop 
production. The country has a sub-tropical climate with a long dry season from November to May 
and a short wet season from June through October. The average rainfall is about 750 - 900 mm.  

The greater part of the land surface of The Gambia is formed from the Continental Terminal, 
and the soils developed in this have many similar characteristics associated with their common 
parent rock(4). The soil in a few parts that developed in the alluvium deposited by the River 
Gambia and its tributaries are very different from those developed in the Continental Terminal. 
The alluvial soils present a far greater range of morphological, physical and chemical 
characteristics(14).  

The term "soil organic matter" covers all kinds of plant tissues and animal residues in the 
soil. Organic matter is often used as an index of soil fertility. A high level of organic matter in the 
soil suggests that the soil is relative fertile, while a low level of organic matter in the soil usually 
means that the soil is lower in fertility(8,18). However, the application of organic fertilizer or 
compost can significantly increase the content of soil organic matter. Generally, organic matter 
influences soils in four ways: The physical, chemical, biological and nutrient properties of the 
soil(7,13). The level of soil organic matter in farmland of The Gambia is low. In surface horizons 
organic carbon commonly constitutes 0.3-0.4% of the soil mass(14). However, the level of organic 
matter is probably much reduced by the frequent fires.  

Organic fertilizers are very important for the maintenance and improvement of soil fertility, 
due to their multiple roles in the improvement of the soil’s physico-chemical and biological 
properties(6,17,18). However no organic material can give the full range of benefits by itself. A 
proper combination of carbonaceous and nitrogenous organic materials to make mature compost 
may make these materials into a more effective and complete fertilizer(5). Through the composting 
process, the properties of organic wastes can be changed to allow decomposition to proceed at a 
more favorable rate, making these materials easier to handle and more suitable as organic 
fertilizers(10). The key principles of composting process are to maintain appropriate size, density, 
porosity, scale and moisture as to induce microorganisms going on chain reaction decomposition 
onto organic matter(22). The selection and application rate of organic fertilizers must be based 
mainly on the fertility conditions of the soil, and the nutrient requirements of individual crops(7,14). 
The purpose of this research was to evaluate the nutrient effort of the organic material on the rice 
yield enhancement in the Gambia 

MATERIALS AND METHODS 
Experimental Design and Cultivation of Rice 



Evaluation of the Nutrient Effect of Organic Material on Yield Enhancement of Rice in the Gambia 19

This study was conducted with a survey of organic materials, a composting experiment, and 
two fertilizer experiments. Fertilizer experiments were carried out in the agricultural research farm 
of ROC technical mission in the Gambia during the fall crop season of 1999 and the spring crop 
season of 2000. The experimental farm was used tidal irrigation. The variety of rice was 
Tainung-Sen 14. The fertilizer trial treatments included (Table 1): A. green manure 10 t/ha plus 
urea 100 kg/ha; B. compost 5 t/ha plus urea 100 kg/ha; C. green manure 10 t/ha plus compost 5 
t/ha; D. green manure 10 t/ha; E. compost 5 t/ha; F. NPK chemical fertilizer 15-15-15, 50 kg/ha 
plus urea 50 kg/ha, total N-P2O5-K2O:30.5-7.5-7.5 kg/ha;G. Blank. A randomized complete block 
design with three replications of each treatment was used. Green manure and compost was applied 
before transplanting. NPK chemical fertilizer or urea was applied at 10-14 days after transplanting 
or panicle initiation stage. The survey of growth characteristics and yield of rice were collected at 
booting and harvest stage.  

Table 1. Treatments of rice experiment 
A: green manure1 10 t/ha+urea 100 kg/ha 
B: compost2 5 t/ha+urea 100 kg/ha 
C: green manure1 10 t/ha+compost2 5 t/ha 
D: green manure1 10 t/ha 
E: compost2 5 t/ha  
F: N-P2O5-K2O :30.5-7.5-7.5 kg/ha (check1) 
G: blank (check2) 
1.Sesbania; 2.Rice hull and cattle waste compost. 
 
Plant, Soil Sampling and Analysis 

The flag leaf samples per plot were collected randomly from all plots at harvest stage of rice. 
The washed plant samples were oven dried at 65℃ to a constant weight, and then ground to pass 
through a 40 mesh screen. Total N, P, K, Ca, Mg, Na and trace elements (Cu, Mn, Zn, Fe) were 
determined after digestion of the plant samples(11,12,15,16). Soil samples (0-15 cm) were collected 
randomly from all plots at harvest stage of rice also. The soil samples were air dried, and then 
ground to pass through a 2-mm screen. The soil pH (1:1 w/w soil: water ratio), EC (1:1 w/w soil: 
water ratio), organic matter content (Walkley and Black method), Bray No. 1 extractable P, 1 N 
ammonium acetic acid extractable K, Na, Ca, Mg, 0.1 N Hydrogen chloride extractable Cu, Mn, 
Zn, Fe were determined. Organic materials were oven dried at 65℃ to a constant weight, and then 
ground to pass through a 40 mesh screen. Total N, P, K, Ca, and Mg were determined after 
digestion of the samples. Organic matter content (Walkley and Black method), pH (1:5 w/w soil: 
water ratio), and EC (1:5 w/w soil: water ratio) were determined also. 
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RESULTS 
The Nutrient Effort of Organic Materials in the Gambia 
Crop residues 

The main crops are rice, groundnut, millet, sorghum and maize in the Gambia. The N, P and 
K contents of rice straw were 0.55, 0.03, and 0.65%, respectively. The N, P and K contents of rice 
hull were 0.38, 0.02, and 0.40%, respectively. The N, P and K contents of cereal straw were 0.56, 
0.04, and 0.95%, respectively. The N, P and K contents of groundnut straw were 1.01, 0.07, and 
0.87%, respectively. Rice straw, rice hull, and other straws and stalks of gramineous crops usually 
have a low nitrogen content, and a fairly high potassium and silica content, with a large amount of 
fibrous materials or a high C/N ratio. The potassium and silica are helpful in improving the 
resistance of crops to disease and lodging(8). The fibrous materials are an energy source for soil 
microorganisms, and a good material for the improvement of soil physical properties(17). These 
materials can be combined with high-nitrogen organic wastes, such as swine and poultry manure, 
to make good compost for crops(3). These composts are good mulches, which help maintain 
favorable soil moisture content and temperature, and prevent the accumulation of salts or the 
multiplication of weeds on the soil surface(7). However, if they are burned to ash, their fiber and 
carbon will be completely destroyed, and the ash will have little effect on the soil's physical and 
biological properties(1,22). The total production of the main crop residues in the Gambia was about 
241,488 tons in 1999 and 167,128 tons in 1998 (Table 2). Therefore, the total estimated amount of 
N, P, and K from the main crop residues in the Gambia was 1,768, 123 and 2,124 tons in 1999, 
respectively. In 1998 it was 1,182, 81 and 1,463 tons, respectively. 

Table 2. Estimated amounts of N, P, and K from the main crop residues in the Gambia 
Production1 N P K 

Crop Year 
(tons) (tons) (tons) (tons) 

Rice straw 1999 21,840 120 6.5 142 
Rice hull 1999 5,254 20 1.1 21 
Cereal straw 1999 119,348 668 48.0 1,134 
Groundnut straw 1999 95,046 960 67.0 827 
Total 1999 241,488 1,768 123.0 2,124 
Rice straw 1998 18,379 101 5.5 119 
Rice hull 1998 4,421 17 0.9 18 
Cereal straw 1998 87,546 490 35.0 832 
Groundnut straw 1998 56,782 574 40.0 494 
Total 1998 167,128 1,182 81.0 1,463 
1. National agricultural sample survey (NASS), 2000; 1999; 1998. 
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Livestock manure 
The main livestock are poultry, cattle, goat and sheep in the Gambia. The N, P and K 

contents of poultry waste were 1.59, 1.03, and 1.67%, respectively. The N, P and K contents of 
cattle waste were 0.56, 0.42, and 0.92%, respectively. The N, P and K contents of goat & sheep 
waste were 1.12, 0.55, and 1.35%, respectively. The nutrient contents of livestock manure are 
usually higher than that of crop residues. Livestock manure has a reasonably high content of 
nitrogen, potassium and fibrous materials(5). Resource and applications of this manure to the soil 
can be recommended(6). However, its higher content of nitrogen and antibiotics, and its lower 
content of fibrous material, discourages direct applications of fresh manure to the soil(5,10). The 
best way to utilize this manure is to mix it with rice straw, rice hull, sawdust and other fibrous 
materials, and mature it thoroughly before use. Cattle manure is the major livestock manure in the 
Gambia (Table 3). The estimated amount of cattle manure was 3,088,000 tons in 1999 and 
2,270,000 tons in 1998. The total estimated amount of N, P, and K from the main livestock 
manure in the Gambia was 27,607, 13,527 and 29,646 tons in 1999, respectively. In 1998 it was 
20,620, 10,102 and 22,157 tons, respectively. 

Table 3. Estimated amounts of N, P, and K from the main livestock manure in the Gambia 
Production1 Manure N P K 

Crop Year 
(No.) (1000 tons) (tons) (tons) (tons) 

Poultry  1999 430,893 17.3 276 178 289 
Cattle  1999 307,583 3,088 26,536 12,958 28,397 
Goat & Sheep   1999 259,901 711 795 391 960 
Total 1999 - 3,816 27,607 13,527 29,646 
Poultry  1998 382,534 15.4 245 159 257 
Cattle  1998 226,161 2,270 19,528 9,527 20,878 
Goat & Sheep   1998 276,698 757 847 416 1,022 
Total 1998 - 3,042 20,620 10,102 22,157 
1. National agricultural sample survey (NASS), 2000; 1999; 1998. 
 
Compost production  

Composting is a method of solid waste management whereby the organic component of the 
solid waste stream is biologically decomposed under controlled conditions to a state in which it 
can be handled, stored, and/or applied to the land without adversely affecting the 
environment(10,22). Composting is an effective method for promoting the utilization of organic 
wastes. However no organic material can give the full range of benefits by itself(3,5). Some 
carbonaceous organic materials, such as rice straw, corn stalks, rice hull, sawdust etc., are very 
useful for improving the physical and biological properties of the soil, but they are also very low 
in the content of such nutrients as nitrogen, phosphorus and potassium. Some nitrogenous organic 
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materials, such as residues left after oil extraction, swine and poultry manure etc., are high in the 
nitrogen, phosphorus, and potassium, which help to improve the chemical properties of the soil(18). 
But they are not very effective in improving its physical properties, since they have a relatively 
low content of carbonaceous materials(17). The traditional compost usually made by combining 
carbonaceous and nitrogenous materials. This is the best organic fertilizer, since it contains 
reasonable levels of nitrogen, phosphorus and potassium, as well as enough carbon or fibrous 
material to improve the physico-chemical and biological properties of the soil. A good ingredient 
of compost should consider both in quality and practicality. The main organic materials were rice 
hull, rice bran and cattle manure in rice field in the Gambia. The chemical properties of these 
organic materials used for composting were show in table 4. The cattle waste and rice hull 
compost made from rice hull, cattle waste, and rice bran at the ratio of 50:40:10 by dry weight 
basis, the chemical properties which showed in table 4, could get a stable quality. The N, P, K, Ca, 
Mg, and OM content of this cattle waste – rice hull compost were about 0.53%, 0.10%, 0.36%, 
0.16, 0.09, and 70.4%, respectively. 

Table 4. The chemical analysis of the organic materials  
Organic material N P K Ca Mg OM pH EC 
 % % % % % %  dS/m 
Rice hull 0.38 0.02 0.40 0.10 0.08 91.5 5.23 0.12 
Rice bran 1.28 0.90 1.35 0.08 0.26 92.1 5.60 0.43 
Cattle manure 0.86 0.42 0.92 0.36 0.59 55.6 6.73 0.57 
Compost1 0.53 0.10 0.36 0.16 0.09 70.4 6.82 0.36 
1. Cattle waste – rice hull compost. 
 
Rice Production  
Effects of the growth characteristics of rice  

The most effective way to use compost is to determine its potential availability of nutrient 
and to apply proper amounts of nutrients needed for crops of interest(7,9). Therefore, a guideline on 
the application rate of this compost is necessary. This guideline should consider the amounts of 
organic matter supplied, amounts of nutrients supplied, compost quality, crops, and soil fertility 
status(2,6). The growth characteristics of rice including height of rice, number of tiller, and survival 
rate of rice were surveyed at booting stage. The results showed that there were not significantly 
different among the treatments in 1999 fall (Table 5). The treatment A (green manure 10 t/ha plus 
urea 100 kg/ha) and treatment B (compost 5 t/ha plus urea 100 kg/ha), which showed height 
increase, were significantly higher in comparison with the treatment G (blank), and there were not 
significantly different on the number of tiller and survival rate of rice among the treatments in 
2000 spring (Table 6).  
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Table 5. The growth characteristics of rice at booting stage in 1999 fall 
Treatment1 Height Tiller no. Survival rate 

 cm no./plant % 
A 92.1a2 15.7a 100a 
B 90.8a 14.4a 100a 
C 88.0a 15.9a 100a 
D 89.9a 16.1a 100a 
E 84.2a 13.1a 98a 
F 89.0a 14.3a 100a 
G 85.4a 14.3a 100a 

1. See Table 1. 
2. Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple 

Range Test (P≧0.05). 

Table 6. The growth characteristics of rice at booting stage in 2000 spring 
Treatment1 Height Tiller no. Survival rate 

 cm no./plant % 
A 81.7a2 25.8a 100a 
B 80.1ab 24.8a 100a 
C 74.7abc 26.1a 100a 
D 74.0bc 26.3a 100a 
E 72.8bc 24.2a 100a 
F 76.5abc 26.3a 100a 
G 71.5c 25.6a 100a 

1. See Table 1. 
2. Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple 

Range Test (P≧0.05). 

Effects of the yield of rice 
Recycling of organic wastes as compost on arable land could provide part of plant nutrients 

for the need of crops and maintain soil fertility. However, relative nitrogen efficiencies of compost 
from animal waste were low in comparison with chemical fertilizer(9). Combination of compost 
and chemical fertilizer application had better results than application composts or chemicals 
only(2,9). Table 7 showed the growth characteristics and yield of rice at harvest stage in 1999 fall. 
There were not significantly different on the height and panicle number of rice plant among the 
treatments. The grain yield of rice was not significantly different among the treatments also. But 
the indices of grain yield of rice were increased about 13-20% on the treatment A (green manure 
10 t/ha plus urea 100 kg/ha) and treatment B (compost 5 t/ha plus urea 100 kg/ha) than treatment 
G (blank). The yield components of rice such as panicle length, panicle weight, grain number per 
panicle, ripening grain and 1000 grain weight were not significantly different among the 
treatments in 1999 fall (Table 8). The responses of the growth characteristics and yield of rice in 
2000 spring were same as which in 1999 fall. There were not significantly different on the growth 
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characteristics, yield and yield components of rice plant among the treatments (Table 9 & 10). 
However, the grain yield of rice on the treatment A (green manure 10 t/ha plus urea 100 kg/ha) 
and treatment B (compost 5 t/ha plus urea 100 kg/ha) were better. The indices of grain yield of 
rice on the treatment A and B were 17-20% more than that on treatment G (blank).  

Table 7. The growth and yield of rice at harvest stage in 1999 fall 
Treatment1 Plant height Panicle number Grain yield per block Grain yield 

 cm no g/m2 Index (%) t/ha Index 
A 121a2 15.2a 889a 120 6.61a 113 
B 120a 15.6a 894a 120 6.89a 118 
C 121a 16.6a 818a 110 6.21a 106 
D 120a 15.6a 848a 114 6.37a 109 
E 119a 15.8a 737a 99 5.93a 102 
F 118a 15.6a 778a 105 5.96a 102 
G 118a 15.3a 742a 100 5.84a 100 

1. See Table 1. 
2. Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple 

Range Test (P≧0.05). 

Table 8. Yield components of rice at harvest stage in 1999 fall 
Treatment1 Panicle length Panicle weight No. of grain per panicle Ripening grain 1000 grain weight

 cm g no % g 
A 24.5a2 3.45a 143a 91.1a 33.1a 
B 25.3a 3.80a 151a 87.4a 34.0a 
C 24.8a 3.61a 151a 90.7a 32.7a 
D 23.8a 3.31a 138a 91.7a 32.9a 
E 25.1a 3.62a 150a 91.8a 32.8a 
F 25.1a 3.35a 143a 88.6a 33.6a 
G 24.0a 3.21a 137a 90.9a 32.7a 

1. See Table 1. 
2. Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple 

Range Test (P≧0.05). 

Table 9. The growth and yield of rice at harvest stage in 2000 spring 
Treatment1 Plant height Panicle number Grain yield per block Grain yield 

 cm no g/m2 Index (%) t/ha Index (%)
A 110a2 15.8a 786a 119 6.17a 120 
B 109a 17.2a 770a 117 6.07a 118 
C 107a 16.9a 752a 114 5.90a 115 
D 104a 17.0a 732a 111 5.73a 111 
E 106a 16.8a 727a 110 5.71a 111 
F 107a 16.7a 733a 111 5.76a 112 
G 103a 17.1a 658a 100 5.13a 100 

1. See Table 1. 
2. Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple 

Range Test (P≧0.05). 
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Table 10. Yield components of rice at harvest stage in 2000 spring 
Treatment1 Panicle length Panicle weight No. of grain per panicle Ripening grain 1000 grain weight

 cm g no % g 
A 24.8a2 2.28a 88.0a 95.7a 26.1a 
B 24.8a 2.38a 90.5a 96.0a 26.3a 
C 24.5a 2.25a 87.1a 95.4a 25.9a 
D 24.9a 2.19a 83.6a 93.6a 25.6a 
E 24.1a 2.31a 89.0a 95.5a 25.9a 
F 24.8a 2.28a 86.7a 96.0a 26.3a 
G 24.1a 2.11a 85.0a 94.4a 25.7a 

1. See Table 1. 
2. Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple 

Range Test (P≧0.05). 
 
Effects of the leaf nutrient contents of rice 

Soil organic matter is an important pool for most plant nutrients. The mineralization of soil 
organic matter was affected by many soil and environmental factors such as soil texture, structure, 
rainfall, temperature, water content and fertilization(7,14). The application of organic fertilizer 
could increase available nutrient concentration and its mobility, in consequence, increases nutrient 
uptake(1,2). The evaluation of nutrient uptake from fertilizers should substrate the amount of 
nutrient supplied by specific soil from the total uptake amount to get the net uptake of a specific 
nutrient(2,8). Tables 11 and 12 showed the leaf nutrient contents of rice at harvest stage in 1999 fall 
and 2000 spring, respectively. The results indicated that there were not significantly different for 
most nutrient contents of rice leaf expect the Ca content in 1999 fall and the N, P contents in 2000 
spring. The Ca content of rice leaf about 0.47% on the treatment C (green manure 10 t/ha plus 
compost 5 t/ha) was the highest among other treatments at harvest in 1999 fall. The N content of 
rice leaf on the treatment A (green manure 10 t/ha plus urea 100 kg/ha) and treatment D (green 
manure 10 t/ha) were the highest among other treatments at harvest in 2000 spring. The P content 
of rice leaf on the treatment A (green manure 10 t/ha plus urea 100 kg/ha) and treatment B 
(compost 5 t/ha plus urea 100 kg/ha) were the highest among other treatments at harvest in 2000 
spring. 
Effects of the soil fertility of rice field 

Table 13 showed the soil fertility of rice field before experiment. Soil pH was about 
5.03-5.19. Soil organic matter content was about 1.50-1.77%. The concentration of available P 
was about 7.20-9.91 mg/kg. The concentration of exchangeable K was about 46.8-66.2 mg/kg. 
However, such soil was on the low fertility degree level. The application of compost or green 
manure was a very straight way to increase the content of soil organic matter(18). The accumulation 
of N, P, K and other nutrients were increased with raising the organic fertilizer rate(1,7,8). 
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Table 11. Leaf nutrient contents of rice at harvest stage in 1999 fall 
Treatment1 N P K Ca Mg Na Cu Mn Zn Fe 

 % % % % % % mg/kg mg/kg mg/kg mg/kg
A 0.54a 2 0.012a 2.48a 0.43ab 0.21a 0.14a 5.43a 544a 33.6a 222a
B 0.60a 0.013a 2.44a 0.42ab 0.20a 0.14a 6.93a 590a 41.6a 226a
C 0.65a 0.014a 2.51a 0.47a 0.24a 0.12a 6.73a 679a 41.3a 253a
D 0.63a 0.012a 2.42a 0.36ab 0.20a 0.11a 5.34a 549a 33.0a 236a
E 0.64a 0.013a 2.53a 0.42ab 0.22a 0.13a 7.52a 668a 41.2a 223a
F 0.55a 0.011a 2.33a 0.38ab 0.21a 0.13a 5.26a 612a 33.5a 179a
G 0.53a 0.010a 2.26a 0.24b 0.19a 0.13a 5.40a 574a 35.9a 297a

1. See Table 1. 
2. Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple 

Range Test (P≧0.05). 

Table 12. Leaf nutrient contents of rice at harvest stage in 2000 spring 
Treatment1 N P K Ca Mg Na Cu Mn Zn Fe 

 % % % % % % mg/kg mg/kg mg/kg mg/kg
A 0.37a2 0.015a 1.38a 0.57a 0.38a 0.18a 2.33a 512a 15.7a 74.2a
B 0.36ab 0.015a 1.42a 0.58a 0.37a 0.20a 2.30a 481a 15.3a 72.1a
C 0.36ab 0.013ab 1.33a 0.56a 0.36a 0.20a 2.00a 488a 15.0a 65.3a
D 0.37a 0.012ab 1.42a 0.56a 0.35a 0.19a 2.33a 468a 17.0a 67.0a
E 0.36ab 0.012ab 1.35a 0.57a 0.34a 0.18a 2.32a 508a 15.7a 72.0a
F 0.33b 0.011b 1.27a 0.52a 0.34a 0.19a 2.33a 502a 15.3a 69.0a
G 0.31b 0.010b 1.24a 0.51a 0.33a 0.19a 2.66a 472a 14.3a 71.6a

1. See Table 1. 
2. Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple 

Range Test (P≧0.05). 

Table13. Soil fertility of trial field before experiment  
Crop season pH EC OM P K Ca Mg Na Cu Mn Zn Fe 

  dS/m % ------------------------------------ mg/kg -------------------------------------
1999 Fall 5.19 0.17 1.50 7.20 46.8 1185 604 30.9 13.1 104 6.25 914
2000 Spring 5.03 0.10 1.77 9.91 66.2 1240 625 96.0 11.3 92 7.05 1022
 

Table 14 and 15 showed the soil fertility of rice field at harvest stage in 1999 fall and 2000 
spring, respectively. The results indicated that there were not significantly different for most soil 
fertility indices of rice field expect the concentration of available P both in 1999 fall and 2000 
spring. The concentration of available P of rice field on the treatment B (compost 5 t/ha plus urea 
100 kg/ha) and treatment E (compost 5 t/ha) were the highest among other treatments at harvest in 
1999 fall. The concentration of available P of rice field on the treatment B (compost 5 t/ha plus 
urea 100 kg/ha), treatment C (green manure 10 t/ha plus compost 5 t/ha) and treatment E (compost 
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5 t/ha) were the highest among other treatments at harvest in 2000 spring. The concentration of 
available P of rice field on the treatment G (blank) were the lowest among other treatments, which 
were 8.7 and 3.67 mg/kg in 1999 fall and 2000 spring, respectively. However, there was a 
tendency that accumulation of OM, P, K, Ca and Mg contents increased with application of the 
compost or green manure. The associated micronutrients in organic fertilizer were also showed in 
soil fertility with its application.  

Table 14. Soil fertility of rice field at harvest stage in 1999 fall 
Treatment1 pH EC OM P K Ca Mg Na Cu Mn Zn Fe 

  dS/m % ---------------------------------- mg/kg -------------------------------------
A 5.36a2 0.08a 1.55a 9.2ab 141a 1107a 669a 116a 14.2a 108a 7.56a 964a
B 5.42a 0.11a 1.61a 11.6a 143a 1140a 684a 126a 13.6a 104a 7.58a 920a
C 5.10a 0.12a 1.58a 9.9ab 169a 1139a 631a 118a 14.0a 100a 7.46a 950a
D 5.26a 0.09a 1.58a 9.5ab 148a 1115a 626a 116a 13.8a 103a 7.17a 935a
E 5.24a 0.10a 1.58a 12.6a 150a 1197a 664a 123a 13.6a 100a 7.19a 928a
F 5.29a 0.10a 1.54a 9.9ab 138a 1143a 633a 127a 13.5a 102a 6.93a 981a
G 5.19a 0.08a 1.53a 8.7b 124a 1026a 608a 109a 14.4a 108a 7.14a 975a

1. See Table 1. 
2. Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple 

Range Test (P≧0.05). 

Table 15. Soil fertility of rice field at harvest stage in 2000 spring 
Treatment1 pH EC OM P K Ca Mg Na Cu Mn Zn Fe 

  dS/m % ------------------------------------ mg/kg -------------------------------------
A 4.96a2 0.25a 2.17a 7.66ab 94.6a 1621a 795a 70.3a 14.2a 93.6a 7.30a 1284a
B 4.97a 0.24a 2.15a 8.60a 92.6a 1642a 757a 73.0a 13.6a 94.0a 7.00a 1270a
C 5.10a 0.24a 2.19a 8.66a 89.3a 1689a 797a 67.3a 14.0a 99.3a 8.00a 1296a
D 5.04a 0.25a 2.19a 7.66ab 95.7a 1682a 772a 71.3a 13.8a 96.6a 7.67a 1289a
E 5.05a 0.24a 2.17a 8.63ab 92.0a 1685a 787a 76.3a 13.6a 92.3a 7.00a 1248a
F 4.95a 0.22a 1.99a 4.66b 85.6a 1660a 778a 73.3a 13.5a 96.3a 7.66a 1196a
G 4.97a 0.19a 2.03a 3.67b 78.3a 1613a 757a 73.0a 14.4a 89.7a 7.66a 1250a

1. See Table 1. 
2. Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple 

Range Test (P≧0.05). 
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甘比亞農業廢棄物資源調查分析 
與應用於水稻栽培之效益研究1 

陳榮五2、高德錚2、蔡宜峰2、陳義松3、許迪川3 

摘  要 

土壤有機質是農田土壤肥力的重要指標之一，施用有機質肥料是增加土壤有機質含量

最直接有效的方法。本研究目的在於調查分析甘比亞主要農牧廢棄物資源，以及探討甘

比亞地區栽培水稻之最佳有機資材利用方法。由1999年甘比亞地區主要農業廢棄物調查

分析結果顯示，分別含有氮量約1,768 t、磷量約123 t、鉀量約2,124 t。1999年甘比亞地區

主要畜產廢棄物中，分別含有氮量約27,607 t、磷量約13,527 t、鉀量約29,646 t。本研究將

稻殼、牛糞、米糠以體積比用量約50:40:10比例，可以製作出成分含量及品質穩定的牛糞

稻殼堆肥，其中氮含量0.53%、磷含量0.10%、鉀含量0.36%、鈣含量0.16%、鎂含量0.09%、

有機質含量70.4%。由1999年秋作及2000年春作水稻田間栽培試驗結果顯示，使用田菁10 

t/ha配合尿素100 kg/ha處理及牛糞稻殼堆肥10 t/ha配合尿素100 kg/ha處理，所獲得的稻米

產量較高且穩定，比空白對照處理可以增產約13~20%。綜合以上結果顯示，本研究之牛

糞稻殼堆肥製作方法，以及牛糞稻殼堆肥10 t/ha配合尿素100 kg/ha處理，均可做為甘比亞

栽培水稻之參考。 

關鍵字：有機資材、水稻、甘比亞。 
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