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Abstract: Nutrient management is critical in increasing and sustaining rice yield. A field experiment was conducted to 
examine the effects of inorganic fertilizer (IF), poultry manure (PM) and their combinations on rice yield and possible residual 
effects. A randomized complete block design with three replications was used and the trial was conducted on a Gleysol. In 
2011 SPAD values for IF and PM/ IF combinations (except 2.0 t/ha PM + 22.5-15-15 kg N: P2O5: K2O/ha) were significantly 
higher in the sixth week onwards than PM. Number of panicles/plant and number of panicles m2 were significantly higher for 
90-60-60 kg N: P2O5: K2O/ha and 2.0 t/ha PM + 22.5-15-15 kg N: P2O5: K2O/ha than 6.0 and 4.0 t/ha PM resulting in 
significantly higher grain yield. Grain yield of IF was similar to grain yield of PM/IF combinations. In 2012 the residual effects 
showed a significantly higher SPAD value for the 6.0 t/ha PM. Also 6.0 t/ha PM, 4.0 t/ha PM and 4.0 t/ha PM + 30 kg N/ha 
had significantly high number of panicles/plant and number of panicles/m2 than IF. Residual effect of PM applied at 4.0 t/ha 
and above gave significantly higher grain yield than IF. Mean grain yield for the three years showed that 4.0 t/ha PM + 30 kg 
N/ha and 2.0 t/ha PM + 22.5-15-15 kg N: P2O5: K2O/ha gave significantly higher yields than the other treatments. The results 
indicate that integrating IF and PM is a better option in increasing and sustaining rice production. 
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1. Introduction 
Rice production in Ghana faces several challenges, notably 

water shortage, low soil fertility and poor soil and water 
management [1]. Several authors have identified low inherent 
soil fertility as a major cause for low rice yield [2; 3; 4; 1; 5] in 
Ghana. The problem is compounded as farmers are not able to 
purchase adequate amounts of mineral fertilizer (high cost) 
and rely mostly on natural soil fertility which is low and 
declining. Rice yield can vary from less than 1.0 t/ha to as high 
as 6.0 t/ha due to variation in both water and soil fertility 
management [3 and 1].  

The availability of large amounts of organic materials in 
Ghana [6] can be harnessed to improve rice production in the 
country. Organic materials available for usage include poultry 
manure, cow dung, rice straw and human excreta. [4] observed 
that application of 7.0 t/ha cow dung gave similar yield as sole 

mineral fertilizer. The authors also reported that application of 
3.5 t/ha cow dung + half rate of mineral fertilizer gave similar 
effect as full rate of mineral fertilizer.  

According to [7] cited by [8], organic materials are 
fundamentally important in that they supply various kinds of 
plant nutrients including micronutrients, improve soil physical 
and chemical properties and hence nutrient holding and 
buffering capacity, and consequently enhance microbial 
activity. In addition, organic matter slowly but continuously 
releases N as plant need it. N is the most limiting nutrient in 
irrigated rice systems, P and K deficiencies also reduce rice 
yield under continuous cultivation particularly in the inland 
valleys [4].  

Many researchers including [9], reported that the effects of 
organic matter application can be observed after 3 to 5 years. 
A good residual effect ensures good soil health and sustains 
productivity over a longer period of time compared to mineral 
fertilizer.  
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To ensure that the fertility of the soil is improved, it is 
imperative to find cheaper alternatives which can be used 
solely or in combination with mineral fertilizer. In this study 
poultry manure, sole or in combination with mineral fertilizer 
was evaluated for its potential to improve and sustain rice 
production. 

2. Materials and Methods 
Experimental site and design: The experiment was 

conducted at the Central Agricultural Station, Kwadaso 
(Latitude 6o 40’ 59” and Longitude 1o37’0”) in 2010 and 
repeated in 2011 and 2012. The soils are gleysols, developed 
over granite [10]. A Randomized Complete Block design with 
3 replications was used. Jasmine 85 was used as the test crop 
in 2010 while TOX 3108-56-4-4-2 (Sikamo-local name) was 
planted in 2011 and 2012. Two seedlings were transplanted 
per hill at 20 x 20 cm. Treatments and times of application are 
presented in Table 1. Poultry manure (PM) was broadcast and 
incorporated into the soil a week before transplanting.  

Table 1. Treatment combinations in 2010 and 2011. 

Treatment Basal Application (1WAT) Top Dressing (5 WAT) 
6 t/ha PM -  
4 t/ha PM -  
4 t/ha PM + 30 kg N/ha - 30 kg N/ha 
2 t/ha PM + 30 kg N/ha - 30 kg N/ha 
2 t/ha PM + 22.5-15-15 kg N:P2O5:K2O/ha All P&K + 10 kg N/ha 20 kg N/ha 
90-60-60 kg N:P2O5:K2O/ha All P&K + 30 kg N/ha 60 kg N/ha 

 
WAT: weeks after transplanting 
In 2012, the residual effects of the various treatments were 

evaluated. 30 kg N/ha was applied to all plots. The field was 
designed according to the “sawah” system (plots were bunded, 
ploughed, puddled and leveled with inlets and outlets for 
supplementary irrigation and drainage when necessary). 

2.1. Soil Sampling and Analysis 

Initial soil samples were taken (0-20 cm) before the field 
layout was done. Soil samples were brought to Soil Research 
Institute laboratory and air-dried at room temperature. The 
air-dried soil samples were ground and passed through 2 mm 
sieve. Soil pH was measured using a glass electrode (pH meter) 
in a soil to water ratio of 1:2.5 [11]. Organic carbon was 
determined by the wet combustion method [12]. Total nitrogen 
was determined by micro Kjeldahl method [13] and available 
phosphorus according to [14] Exchangeable cations (Ca, Mg, 
K) were extracted with 1.0 M ammonium acetate solution and 
determined by atomic absorption spectrometry [15]. 
Exchangeable acidity was determined first by extracting it 
with KCl and titrating the extract with sodium hydroxide [15]. 
Effective cation exchange capacity was determined by the 
addition of all the cations. 

2.2. Plant Growth Characteristics 

Soil and plant analysis development (SPAD) value was 
measured weekly up to the eighth week. SPAD value was 
measured using a chlorophyll meter (SPAD-502, Konica 
Minolta Sensing Inc., Osaka, Japan). Measurement of SPAD 
value was done on the youngest fully expanded leaf. Number 
of panicles per plant and plant height were recorded at 
maturity. 

2.3. Dry Matter and Grain Yield 

At maturity, an area of 2.0 m2 per treatment was demarcated 
and harvested. Yield components (grain and stover) were 
measured and yield per hectare estimated. The statistical 

software, Statistics 8, was used for data analysis. Standard 
error was used as the mean separator. 

3. Results and Discussion 
3.1. Soil and Poultry Manure Properties 

Initial soil properties for the site are presented in Table 2. 
Exchangeable cations are very low reflecting a low effective 
cation exchangeable capacity. The soil is strongly acidic. Both 
organic matter and available phosphorus are also low. 

The nutrient content of the poultry manure used is shown in 
Table 3. The manure was collected from a farm within the 
district in which the experiment was conducted. The manure 
was collected from laying birds hence the high values for 
calcium and magnesium. 

Table 3. Nutrient content of poultry manure. 

Total N P K% Ca Mg 
2.6 0.61 1.10 8.50 7.00 

3.2. 2010 

3.2.1. Yield Components 
In 2010 plant height, number of panicles/plant and grain 

yield for all the treatments were similar (Table 4). Jasmine 85 
normally gives up to 5.0 t/ha grain yield or more under good 
environment and recommended fertilization. However, the 
experimental field experienced a severe attack of blast and the 
disease was finally brought under control after 2 weeks of 
spraying with fungicide. This probably masked the effect of 
the various treatments and also resulted in grain yield 
reduction. 

3.3. 2011 

3.3.1. Effect of Treatments on SPAD Values 
Figure 1 shows changes in SPAD values in 2011. SPAD 

values increased significantly for all the treatments up to the 
second week. SPAD value for the 90-60-60 kg N: P2O5: 
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K2O/ha treatment increased significantly over all the other 
treatments in the third week but declined steadily during the 
fourth and fifth week. SPAD value for this treatment again 
increased significantly to above 45 after 60 kg N/ha was 
applied in the fifth week. 4.0 t/ha PM + 30 kg N/ha and 2.0 
t/ha PM + 30 kg N/ha treatments showed similar trend as 
90-60-60 kg N: P2O5: K2O/ha. SPAD values for sole PM at 6.0 
t/ha and 4.0 t/ha showed a decline from above 40 in the second 
week to below 40 in the eighth week. The amount of nitrogen 
and rate of mineralization when PM was applied at 6.0 t/ha 
was probably not enough to provide adequate amounts of 
nitrogen for the plants in the eighth week hence the decline in 
SPAD value. According to [8], SPAD value is the most 
important growth character. The SPAD value reflects nutrient 
(especially nitrogen) availability in the soil and its influence 
on plant growth. Thus high nitrogen content in the 90-60-60 
kg N: P2O5: K2O/ha treatment largely explains why SPAD 
values are generally higher for the 90-60-60 kg N: P2O5: 
K2O/ha treatment followed by 4.0 t/ha PM + 30 kg N/ha and 
2.0 t/ha PM+ 30 kg N/ha treatments. Lower SPAD values for 
6.0 t/ha PM, 4.0 t/ha PM and 2.0 t/ha PM+ 22.5-15-15 kg N: 
P2O5: K2O/ha is partially due to lower amount of N available 
for the growing plants. 

3.3.2. Yield Components and Grain Yield 

In 2011 plant height was similar for all the treatments (Table 
5). Number of panicles/plant however varied significantly 
between treatments. Sole poultry manure applied at 6.0 t/ha 
and 4.0 t/ha gave plants with lower number of tillers/plant than 
sole mineral fertilizer and 2 t/ha PM + 22.5-15-15 kg N: P2O5: 
K2O/ha (Table 5) probably due to initial slow release of 
nutrients during tillering. Number of panicles/m2, stover and 
grain yields are also presented in Table 5. Number of 
panicles/m2 were significantly higher under 90-60-60 and 2.0 
t/ha PM + 22.5-15-15 kg N: P2O5: K2O/ha than PM applied at 
2.0 t/ha + 30 kg N/ha and 4.0 t/ha + 30 kg N/ha. PM applied 
6.0 t/ha and 4.0 t/ha gave significantly lower number of 
panicles/m2 than all the other treatments. Stover yield was 
similar for all the treatments but grain yield was significantly 
lower under sole PM than 90-60-60 and 2.0 t/ha PM + 
22.5-15-15 kg N: P2O5: K2O/ha. As photosynthesis is 
enhanced the greener the leaves become. Hence higher SPAD 
values mean high production of photosynthates. Higher SPAD 
values for sole mineral fertilizer and mineral/organic fertilizer 
combinations partly explains higher number of panicles/plant 
and number of panicles/m2 than sole poultry manure 
treatments. Availability of photosynthates may enhance and 
sustain tiller production which may result in differences in 
grain yield. 

Table 2. Initial soil properties. 

Depth (cm) Soil H 
TC OM TN Avail. P Ca Mg K EA ECEC 

(g/kg) (mgkg-1) cmol(+)/kg) 
0-20 4.9 7.5 11.3 0.8 8.5 2.30 1.40 0.30 0.75 4.85 

EA:-exchangeable acidity 

Table 4. Effect of treatment on selected yield parameters in 2010. 

Treatments Height (cm) Number of panicles/plant Grain yield (t/ha) 
6 t/ha PM 59 2.7 3.3 
4 t/ha PM 58 3.0 3.3 
4 t/ha PM + 30 kg N/ha 58 2.7 3.7 
2 t/ha PM + 30 kg N/ha 60 2.7 4.3 
2 t/ha PM + 22.5-15-15 kg N:P2O5:K2O/ha 59 2.7 4.2 
90-60-60 kg N:P2O5:K2O/ha 60 3.0 3.3 
LSD (0.05) 4.6 1.1 1.9 

 

Figure 1. Effect of treatments on changes in SPAD values with time. 
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Table 5. Effect of treatments on rice growth and yield in 2011. 

Treatment Plant height (cm) 
No. of 
stands/m2 

Number of 
panicles/plant 

No. of 
panicles/m2 

Stover yield 
(t/ha) 

Grain yield 
(t/ha) 

6 t/ha PM 131a 25.0a 2.7b 185c 5.7a 4.7b 
4 t/ha PM 133a 25.0a 3.0b 200c 4.5a 4.8b 
4 t/ha PM + 30 kg N/ha 133a 25.0a 3.7ab 235b 5.2a 6.1ab 
2 t/ha PM + 30 kg N/ha 132a 25.0a 3.7ab 235b 5.3a 5.3ab 
2 t/ha PM + 22.5-15-15 kg 
N:P2O5:K2O/ha 

134a 25.0a 4.3a 265a 5.6a 6.4a 

90-60-60 kg N:P2O5:K2O/ha 132a 25.0a 4.7a 285a 5.9a 6.5a 

Within a column figures followed by the same letters are not significantly different by a margin of the standard error.  

3.4. 2012: Residual Effect of Treatments 

3.4.1. Residual Effect of Treatments on SPAD Values 
In 2012 changes in SPAD value during the growth of the 

plants are presented in Figure 2. SPAD values were similar in 
the second week due to application of 10 kg N/ha to all plots. 
After the second week SPAD values started declining but at 
different rates. SPAD values fell to the lowest level in the fifth 
week during which additional 20 kg N/ha was applied to all 
plots. This raised the SPAD values of plants growing on plots 
that earlier received 4.0 t/ha or 6.0 t/ha PM to over 45 in the 
sixth week. SPAD values again started declining after the sixth 
week showing similar trend as observed between the second 
and fifth weeks. Plants growing on plots that received 6 t/ha 
PM had SPAD values above 40 up to the eighth week of 
growth. This was followed by plants on plots that received 4 
t/ha PM showing values above 35. The residual effect of 
mineral fertilizer was less effective in maintaining high levels 
of SPAD values. SPAD values fell to below 25 for plants 
growing on plots that received only mineral fertilizer (Figure 
2). Gradual release of nutrient over a longer period, especially 

nitrogen, by the manure explains the observed trend. Higher 
SPAD values  

3.4.2. Residual Effect of Treatments on Yield Components 
and Grain Yield 

The residual effects of each treatment on yield components 
are presented in Table 6. Number of panicles/plant and 
number of panicles/m2 were significantly higher for 6.0 t/ha 
PM, 4.0 t/ha PM and 4.0 t/ha PM + 30 kg N/ha than 2 t/ha PM 
+ 22.5-15-15 kg N: P2O5: K2O/ha and 90-60-60 kg N: 
P2O5:K2O/ha but similar to 2.0 t/ha PM + 30 kg N/ha. Poultry 
manure at 6.0 t/ha, 4.0 t/ha and 4.0 t/ha + 30 kg N/ha gave 
significantly higher grain yield than the other treatments (2 
t/ha PM + 30 kg N/ha, 2 t/ha PM + 22.5-15-15 kg N: P2O5: 
K2O/ha and 90-60-60 kg N: P2O5: K2O/ha). This implies that 
at 4.0 t/ha PM and above, optimum grain yield can be obtained. 
Organic fertilizer (poultry manure) showed a better residual 
effect than mineral fertilizer. This observation supports the 
findings of several authors [4; 8; 9 ]. PM is therefore an 
important source of plant nutrient for effective rice production 
for poor resource farmers.  

 

Figure 2. Residual effects on changes in SPAD values with time. 

Table 6. Residual effect of treatments on rice yield. 

Treatment Plant height (cm) No. of tand/m2 
Number of 
panicles/plant 

No. of 
panicles/m2 

Stover yield 
(t/ha) 

Grain yield 
(t/ha) 

6 t/ha PM 125a 25.0a 3.0a 200a 6.8a 5.8a 
4 t/ha PM 122a 24.3a 3.0a 194a 6.4ab 5.3ab 
4 t/ha PM + 30 kg N/ha 121a 24.3a 3.0a 194a 6.7a 5.6a 
2 t/ha PM + 30 kg N/ha 121a 24.7a 2.7ab 183ab 5.8bc 4.6c 
2 t/ha PM + 22.5-15-15 kg 
N:P2O5:K2O/ha  

122a 24.7a 2.3b 163b 5.7bc 4.7bc 

90-60-60 kg N:P2O5:K2O/ha 125a 24.0a 2.3b 158b 5.4c 4.4c 

Within a column figures followed by the same letters are not significantly different by a margin of the standard error.  
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3.5. Mean Grain Yield 

Mean grain yield for the three years is presented in Figure 3. 
The mean grain yield for the treatments 4 t/ha PM + 30 kg 
N/ha and 2 t/ha PM + 22.5-15-15 kg N: P2O5: K2O/ha were 
significantly higher than all the other treatments. Particularly 
the 4 t/ha PM + 30 kg N/ha treatment gave consistent grain 
yield of above 5.0 t/ha for 2011 and 2012. Mineral fertilizer 
and poultry manure combinations was more efficient in 
increasing rice yield. 

4. Conclusion 
Poultry manure is a cheaper and an alternative fertilizing 

material that can enhance rice production. Integrating poultry 
manure and mineral fertilizer provides a more efficient means 
of improving and sustaining rice yield. 4.0 t/ha PM+ 30 kg 
N/ha and 2 t/ha PM + 22.5-15-15 kg N: P2O5: K2O/ha gave a 
significantly higher mean yield for the 3 years. Generally all 
the combinations gave similar grain yield as 90-60-60 kg N: 
P2O5: K2O/ha. 

 

Figure 3. Mean yearly grain yield for the various treatments. 
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