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Abstract 
Two pot experiments were carried out concurrently at the Teaching and Research Farm of the Department of Agricultural Science, 
Adeyemi College of Education, Ondo, South-west Nigeria to compare the effect of solid cow dung, liquid cow dung, solid NPK 15:15:15 
and liquid NPK15:15:15 fertilizers on soil chemical properties and growth components of Amaranthus.The soil used for the experiment 
was collected from the farmer’s field.  Eighteen pots were filled with 10kg  soil sample.   The treatments consisted of 25 and 50g of cow 
dung applied in solid form, 25 and 50gm of cow dung mixed with 100 ml of water and 5g of NPK fertilizer either mixed with 100ml of 
water or applied in solid form.  There was a control experiment without treatment.the treatments were arranged on CRD.  Compare to 
control, NPK 15:15:15 fertilizer applied in solid form had the highest increase in stover yield, plant height and leaf area. The increasing 
order of yield components of Amaranthus as affected by cattle dung and NPK 15:15:15 fertilizer are:  solid NPK > 50 solid cattle dung > 
25gm liquid cattle dung > 25gm solid cattle dung =  liquid NPK = 50gm liquid cattle dung.Application of 50g solid cattle dung had the 
highest increase in number of leaves. The increasing order of nutrient intake of amaranthus as affected by NPK 15:15:15 fertilizer and 
Cattle Dung are solid NPK > 50g solid Cattle Dung > liquid NPK fertilizer > 25g liquid cattle dung >25g solid cattle dung > 50g liquid 
cattle dung.   
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Introduction 
Generally, there are three methods of fertilizer application.  Fertilizers may be applied on or into the soil or directly to the plants. The 
aim is to apply them cheaply, uniformly and effectively. Fertilizers of all kinds usually need water to dissolve after application to 
make their nutrients content available for plants.The practice of foliar application is common in mineral fertilizer.  The mineral 
fertilizer is dissolved in water and sprayed directly on the plants foliage while application of fertilizers to the soil is common in 
organic manures. 
 
Local farmers dilute organic manures such as poultry, cow dung, sheep and goat manures in water and applied directly to the leafy 
areas of the crop to guide against animals and insect pests.  Unknowingly, they supply the nutrients that can improve the crop growth 
and yield.   
 
Most mineral fertilizers such as urea, calcium ammonium nitrate (CAN), NPK 15:15:15 and phosphates and organic manures are 
usually applied in solid or pellet forms.  Few fertilizers are applied in liquid form.  The fertilizers mostly applied in liquid form are 
fertilizers containing micronutrients such as zinc (Zn), iron, (Fe), manganese (Mn) and copper (Cu). The use of organic manures in 
fertigation is not common except during the dry season when the soil is deficient in moisture.  Recently, a new NPK fertilizer called 
nutrient bonus that is applied by mixing with water is introduced into the market in Nigeria. There is scanty information that compares 
the effect of fertilizer applied in liquid form and in solid form on soil chemical properties, growth and yield of crops. Hence the 
objectives of this study were to compare the effect of solid cow dung, liquid cow dung, solid NPK and liquid NPK fertilizers on soil 
chemical properties and growth components of Amaranthus. 
 

Materials and Method 
Two pot experiments were carried out at the Teaching and Research Farm of the Department of Agricultural Science, Adeyemi 
College of Education, Ondo, and South-west Nigeria.  Ondo is located in latitude 07o051N, on longitude 040o 55E and at an elevation 
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of 381.3 above sea level with mean annual rainfall of 1,575.6 mm.  The soil belongs to Ondo series (EgbedaFase) and is classified as 
Alfisol (oxictropuldaf) {Harpstead, 1974). 
 
Fresh cow dung was collected from butchery site opposite Adeyemi College of Education, Ondo school gate in the month of October, 
2012 and 2013.  NPK 15:15:15 fertilizer and Amaranthus seed were bought from Agricultural Input Supply Company, Ondo. 
 
The soil used for the experiment was collected from the farmer’s field.  Eighteen pots were filled with 10kg  soil sample  and labelled 
according to the treatments in each of the two experiments. 
 
Nursery of Amaranthus was done in October 2012 and 2013.  Transplanting was done two weeks after planting.  Solid cow dung, 
liquid cow dung and NPK fertilizer were used as treatments.   The treatments consisted of 25g of cow dung to represent 5t /ha, 25g of 
cow dung mixed with 100 ml of water to represent 5t/ ha liquid cow dung and 50g cow dung to represent 10t/ ha, 50g of cow dung 
mixed with 100ml of water to represent 10/ha, 5g of NPK fertilizer to represent 400kg/ha was either mixed with 100ml of water or 
applied in solid form.  There was a control experiment without treatment. Both 25g and 50g cow dung solid were mixed with the soil 
samples two weeks before transplanting.  NPK pellets were applied third day after transplanting and both cow dung and NPK liquid 
forms were applied after one week of transplanting.  Cultural practices such as weeding and watering were carried out as at when due. 
 
Soil samples meant for analysis before the conduct of the experiments and the soil samples collected from each pot after the 
experiment were air dried and sieved with 2mm mesh.  Soil pH was determined using glass electrode pH meter in 1:2 soil-
water.Organic matter was determined by the regular Walkley and Black (1934) dichromate oxidation method.  The percentage organic 
matter was calculated by multiplying the values of organic carbon by the conventional, Van Bameller factor of 1.724 (Allison, 1982).  
Nitrogen was determined using macro-kjedahl method (Jackson, 1962). Available phosphorus was extracted by Bray-1-method and 
colourmetricaly determined.  Exchangeable bases were extracted with neutral ammonium acetate and determined by Atomic 
Absorption Spectrophotometer (AAS). The micronutrients (Fe, Cu, Zn and Mn) were directly determined from the sample extract on 
atomic absorption.  Cation exchange capacity (CEC) was determined as summation of cations.  Percent base saturation was 
determined as cation exchange capacity (CEC) minus exchangeable acidity divided by cation exchange capacity and then multiplied 
by 100 percent base. 

 
Saturation (%BS) =   CEC-EA      X 100 

                                                    CEC 
 
Exchange percent sodium (ESP) = Na   X 100 
                                                       CEC 

 
Three plants were selected and tagged per pot for the measurement of growth and yield parameter.  Data were collected on number of 
leaves, plant height, plant weight, stover yield, leaf area, dry leaf at 50% flowering. Number of leaves on each plant were counted and 
recorded 
 
Plant height was determined with the use of measuring rule. Each plant was measured from the top to ground level and recorded in 
centimetre. Fresh Leaf weight was determined by uprooting the tagged Amaranthus on each pot carefully.  The severed shoots were 
weighed using electronic weighing balance and recorded in grams. Dry Leaf weight was determined by uprooting the tagged 
Amaranthus in each pot carefully.  The shoot were severed and packed inside a well labelled envelope and taken to the laboratory.  In 
the laboratory, the well labelled envelop was put inside a hot air oven at 55oC for and dried to a constant weight.  It was later allowed 
to cool inside a dessicator and weighed.  The results were recorded in grams. 
 
Shoot and root moisture contents were determined as weight when wet – weight when dry. Leaf area was determined by graphical 
method using graph paper.  Each leaf per pot was placed on a graph paper of 2 mm by 2 mm dimension and traced out.  The leaf area 
was then calculated in cm2 from the traced diagram using the relationship. 

 
            Number of holes occupied by each leaf x 2 mm 
                                              100 
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Statistical Analysis 
The means of the data generated in 2012 and 2013 were statistically analysed. Data were subjected to Analysis of variance (ANOVA) 
and means were separated by using Duncan New Multiple Range Test (DMRT). 
  

Result and Discussion 
 
Table 1: Initial Soil Chemical Properties 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
The results of the soil samples collected for the experiment showed that the soil was acidic, adequate in P, low OM, N and K in 2012 
and 2013.  This was in conformity with Agboola and Corey (1977). Most of the experiments conducted by Ayeni in the Research and 
Training Farm of Department of Agricultural Science, Adeyemi College of Education, Ondo followed the same trend (Ayeni, 2008, 
Ayeni and Adetunji, Ayeni et al, 2011).  The results also showed that the soil was high in Ca, Mg, Fe, Cu, Mn and low in Zn. This is 
in line with the work of Agboola and Corey (1977) and Sobulo and Osiname (1991) who recommended 3% OM, 0.15% N, 8 – 
10mg/kg available P, 0.20 Cmol/kg K, 0.23 C mol/kg exchangeable Ca and 0.26 Cmol/ kg   Mg for soils in southern NigeriaThe low 
nutrient status of the soil indicates that it needs additional nutrient.  Hence, application of nutrients from organic and mineral fertilizers 
was justified. The higher nutrient content in 2013 compared with 2012 might be as a result of vegetation cover. 
 
The nutrient composition of NPK 15:15:15 fertilizer and cattle dung used for the experiment are presented in Table 2. The nutrient 
composition of NPK 15:15:15 had higher N, P and K content than cattle dung manure.  The result also showed that cattle dung manure 
was rich in Ca, Mg and Na while NPK 15:15:15 fertilizer had only N, P and K. The presence of other cations in cattle dung was 
expected to have influence on the soil nutrients as well as crop growth and yield while NPK 15:15:15 fertilizer was expected to add 
more N, P and K to the soil. Cattle dung and NPK fertilizer applied in solid form and liquid form were also expected to perform 
differently in crop growth and yield since moisture to a reasonable extent influence soil nutrients.Murphy (1990) indicated that dairy 
cattle manure contained 0.75%N, 0.05%P and 0.6%K. 
 
Compare to control, NPK 15:15:15 fertilizer applied at the rate of 400kg/ha in solid form had the highest increase in stover yield,  
plant height and leaf area.    Application of 10t/ha solid cattle dung had the highest increase in number of leaves.  400kg/ha liquid 
NPK, 5t/ha solid cattle dung and 10t/ha liquid cattle dung did not significantly increase (P<0.05) stover, plant height, number of leaves 
and leaf area. 
 
 
 

________________________________________ 

Soil Properties 2012 2013 
________________________________________ 

pH 4.8 5.3 
OM% 1.92 1.04 
N% 0.08 0.13 
C/N 13.87 6.67 
P (mg/kg) 8.87 10.39 
Exch. Bases  (Cmol/kg)   
K 0.09 0.18 
Ca 1.84 1.87 
Mg 1.22 1.26 
Na 0.12 0.15 
EA 1.17 1 
CEC 4.64 4.46 
ES 2.59 3.36 
%BS 74.78 77.58 
Micronutrients (mg/kg)   
Fe 22.5 19.32 
Zn 1.36 2.43 
Cu 2.1 2 
Mn 6.4 4.3 

________________________________________ 
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Table 2: Nutrient composition of NPK 15:15:15 fertilizer and Cattle dung manure 

Nutrient (%) Cattle dung Manure NPK Fertilizer 

   
N 1.19 15 
P 0.31 15 
K 0.48 15 
Ca 2.60 _ 
Mg 0.56 _ 
Na 0.19 _ 

 
The higher increase in the stover, plant height and leaf area of Amaranthus by 400kg/ha solid NPK 15:15:15 fertilizer might be as a 
result of quick release of N to the soil.  This is in line with IFA-UNDP (2001) that mineral fertilizer contains the three nutrient 
elements i.e. N, P and K required by vegetables for growth and development.  Decrease in stover yield, plant height, number of leaves 
and leaf area by 400kg/ha liquid NPK might be as a result of evaporation and leaching which reduced the nutrients intake by the plant.  
There might be more wastes when NPK fertilizer is fertigated than when it is applied without dilution. 
 
The presence of N in plant tissue is known to increase vegetative growth and chlorophyll formation for photosynthesis of plants.  
Phosphorus is known to increase root growth, seed formation and flower development.  Potassium aids in osmotic pull of water from 
the ground and transport to other parts of the plant.  Hence, the low number of stover, plant height by application of 10t/ha liquid 
cattle dung and 5t/ha solid cattle dung show the importance of N, P and K which was readily supplied by NPK fertilizer in adequate 
form. Cattle dung was lower in plant nutrients than NPK fertilizer. 
 
Table 3: Effect of Cow dung and NPK Fertilizer on Growth of Amaranthus 

Treatment Stover yield 
(cm) 

Plant Height 
(cm) 

No. of Leaves Leaf Area 
(cm2) 

Control 11.50d 53.43c 17.336 7.486 
400kg/ha solid NPK 52.17a 72.57a 24.00ab 18.32a 
5t/ha solid cattle dung 12.97d 46.50d 15.336 7.19b 
10t/ha solid cattle dung 30.70b 67.60b 28.33a 18.73a 
400kg/ha liquid NPK 9.40d 42.90d 18.00b 7.98b 
5t/ha liquid cattle dung 23.67c 65.03b 26.00a 14.15a 
10t/ha liquid cattle dung 8.73d 43.00d 17.33b 7.01b 

Means with the same letters are not significantly different according to Duncan Multiple RangeTest 
 
The increasing order of Amaranthus as affected by NPK 15:15:15 fertilizer and cattle dung manure were 400kg/ha solid NPK> 10t/ha 
solid cattle dung >5t/ha liquid cattle dung > 400kg/ha liquid NPK = 5t/ha solid cattle dung = 10t/ha liquid cattle dung. Compared with 
control, 400kg/ha NPK solid, 10t/ha solid cattle dung and 5t/ha liquid cattle dung significantly increased (P<0.05) wet leaf, dry leaf, 
moisture content of the leaves and root moisture content. Amaranthus had better yield when they enjoyed balanced nutrition especially 
the three major plant nutrients N, P and K. It is argued that organic manures are usually late in nutrient mineralization.  This was the 
reason why cattle dung was cured and applied two weeks before the planting of Amaranthus. The major parts of the nutrient present in 
cattle dung would have mineralized before the termination of the experiments (Ayeni, 2011), Werner, (1977) and (Ayeni and Adeleye, 
2011) in the experiment conducted on the rate of nutrient released by poultry manure showed that larger proportions of its nutrients 
were released between one to two months of incubation.  Amaranthus fertilized with 400kg/ha NPK solid fertilizer and 10t/ha solid 
cattle dung and 5t/ha liquid cattle dung had higher wet leaf, dry leaf, moisture content of the leaves and root moisture content than 
Amaranthus fertilized with 5t/ha solid cattle dung, 400kg/ha liquid NPK and 10t/ha liquid cattle dung.  This might be as a result of 
higher nutrients content especially K in these vegetables. 
 
The increasing order of yield of Amaranthus as affected by cattle dung and NPK 15:15:15 fertilizer are: 400kg/ha solid NPK > 10t/ha 
solid cattle dung > 5t/ha liquid cattle dung > 5t/ha solid cattle dung = 400kg/ha liquid NPK = 10t/ha liquid cattle dung. 
Compared with control, 400kg/ha solid NPK and 10t/ha solid cattle dung fertilizers significantly increased (p < 0.05) soil N, P, K, Ca, 
Na and Mg content of amaranthus. Organic fertilizer and mineral fertilizer applied at 10t/ha solid cattle dung and 400kg/ha solid NPK 
15:15:15 fertilizers had the highest N and Na concentration in amaranthus while 400kg/ha solid NPK and 400kg/ha liquid NPK had 
the highest P and K concentration.   
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Table 4:  Effect of Cattle dung and NPK 15:15:15 Fertilizer on Yield of Amaranthus 

____________________________________________________________________ 

Treatment Wet 
leaf 

Dry 
leaf 

Leaf 
moisture 

Wet 
root 

Dry 
root 

Root 
moisture 

   g    
____________________________________________________________________ 

Control 5.13c 2.23bc 2.90c 1.47b 0.67a 0.80c 
400kg/ha solid NPK 23.93a 6.87a 17.07a 5.33a 2.13a 3.20a 
5t/ha solid cattle dung 4.70c 2.50c 2.20c 1.33b 0.70c 0.63c 
10t/ha solid cattle dung 13.30b 5.53a 7.77b 3.37a 1.30b 2.07b 
400kg/ha liquid NPK 3.30c 1.50d 1.80c .90c 0.50c 0.40c 
5t/ha liquid cattle dung 10.37b 3.30b 7.07b 2.37ab 0.97c 1.40bc 
10t/ha liquid cattle dung 2.93c 1.53d 1.40c 1.03b 0.60c 0.43c 

____________________________________________________________________ 
Means with the same letters are not significantly different according to Duncan Multiple Range Test 
 
Organic fertilizer applied at 5t/ha solid cattle dung had the highest Mg and 10t/ha solid cattle dung and 400kg/ha solid NPK 15:15:15 
fertilizer recorded the highest Ca.  The experiment shows that application of organic and mineral fertilizer had adequate N, P, K, Ca, 
Na, and Mg and micronutrients by amaranthus plant and this might have led to increase in yield of amaranthus. (Whalen et al., 2000). 
 
The increasing order of nutrient intake of amaranthus as affected by NPK 15:15:15 fertilizer and Cattle Dung are 400kg/ha solid NPK 
> 10t/ha solid Cattle Dung > 400kg/ha liquid NPK fertilizer > 5t/ha liquid cattle dung > 5t/ha solid cattle dung > 10t/ha liquid cattle 
dung.   
 
Table 5: Effect of Cow Dung and NPK Fertilizer on Nutrient Uptake of Amaranthus 

______________________________________________________________________________ 

Treatment N P K Ca Na Mg 
______________________________________________________________________________ 

Control 1.87d 0.04c 0.18b 0.99d 0.19d 0.18c 
400kg/ha Solid NPK 5.46a 0.22a 0.28a 1.96a 0.28b 0.23b 
5t/ha Solid Cattle Dung 2.98c 0.06c 0.22b 1.60d 0.20c 0.25a 
10t/ha Solid Cattle Dung 4.53a 0.05c 0.19b 1.89a 0.27b 0.20b 
5t/ha Liquid Cattle Dung 3.04b 0.06c 0.27a 1.25c 0.23c 0.19c 
10t/ha Liquid Cattle Dung 2.54c 0.22a 0.28a 1.87a 0.20c 0.22b 
400kg/ha Liquid NPK                 3.98b 0.22a 0.29a 1.84a 0.68a 0.22b 

_______________________________________________________________________________ 
Means with the same letters are not significantly different according to Duncan Multiple Range Test 
 
On residual effect of cattle dung and NPK fertilizer on soil quality compared with control, all the treatments significantly increased 
(p<0.05) soil pH, OM, N and K except 400kg/ha solid NPK and 10t/ha liquid cattle dung that had the highest increase in P.  This is in 
line with Mbah and Mbagwu (2006) who stated that animal wastes increased soil OM, N and cation exchange. 
 
The presence of macro nutrients in cattle dung is widely reported (Ayeni and Adetunji, 2010; Whalen et al, 2000).  Addition of cattle 
dung to the soil samples was expected to have influence on the chemical properties of the soil.  It was discovered in this research that 
the soil samples treated with 5t/ha solid, 10t/ha solid, 5t/ha liquid, 10t/ha liquid cattle dung significantly increased soil pH.  The 
increase in soil pH might be as a result of cations especially Ca2+ present in cattle dung (Babalola et al, 2012).  The significant 
increase in the pH of the soil samples fertilized with cattle dung agreed with the assertion of Ojeniyi (2000) that increase in organic 
manures is dependable on the level of organic manure accumulated on the soil. 
 
The increase in growth parameters due to application of cattle dung and NPK 15:15:15 fertilizer treatments are consistent with 
increase in uptake of N, P and K as indicated by leaf analysis.  It is therefore suggested that Amaranthus grown on the soil requires 
these nutrients.  High OM content also has positive effect on soil physical properties in line with Alabadann et al (2009) who worked 
on the effect of effluent from Leaf on the physical and chemical properties of the soil.  This result indicates that cattle manure could 
best be utilized in combination with mineral fertilizer for proper soil management.  This was in agreement with Obour et al (2009) 
who noted that applying organic manure in combination with an inorganic N source increase forage yield of crop nutritive value. 
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Table 6:  Effect of Cattle dung and NPK 15:15:15 fertilizer on soil pH, OM, N, P and K. 

________________________________________________________________ 

Treatment pH OM N P K 
_________________________________________________________________ 

Control 5.43a 1.94b 0.12a 3.36b 0.04b 
400kg/ha solid NPK 5.43a 2.15a 0.11a 15.40a 0.07a 
5t/ha solid cattle dung 5.63a 2.13a 0.11a 3.52b 0.07a 
10t/ha solid cattle dung 5.50a 2.11a 0.09b 3.18b 0.07a 
5t/ha liquid cattle dung 5.40a 1.68b 0.10ab 6.34b 0.07a 
10t/ha liquid cattle dung 5.10a 1.78b 0.11a 15.34a 0.08a 
400kg/ha liquid NPK 4.32b 1.99ab 0.11a 4.23b 0.06ab 

_________________________________________________________________ 
Means with the same letters are not significantly different according to Duncan Multiple Range Test. 
 
The soil behaviour of pH, OM, N, P and K when cattle dung and NPK fertilizer were applied followed the same pattern.   
The increasing order of soil pH, OM, N, P and K as affected by cattle dung and NPK 15:15:15 fertilizer are: 400kg/ha solid NPK > 
5t/ha solid cattle dung > 10t/ha liquid cattle dung > 5t/ha liquid cattle dung = 10t/ha solid cattle dung = 400kg.ha liquid NPK. 

 
Relative to control, cattle manure applied in solid form and 10t/ha, cattle manure applied in liquid form at 10t/ha and NPK solid and 
liquid applied at 400kg/ha significantly (p<0.05) increased soil Fe, Zn and Mn.  Cattle manure in solid form applied at 10t/ha had 
highest Fe, Zn and Mn compared with other treatments.  The higher content of these micro-nutrients in soil samples fortified with 
cattle manure might be as a result of Mn, Fe and Zn present in cattle dung.  This work is in line with Ayeni (2011) that animal manure 
contains micro-nutrients. 
 
The rate of increase of Fe as affected by cattle dung manure and NPK fertilizer are: cattle dung applied at the rate of 10t/ha liquid PD 
> 5t/hasolid PD > 400kg/ha solid NPK >5t/ha liquid > 10t/ha solid > 400kg/haNPK.  Cattle dung applied at 5t/ha solid had the highest 
Cu. The rate of increase of Cu as affected by cattle dung and NPK fertilizer are: 5t/ha solid > 400kg/ha liquid > 10t/haliquid 
>400kg/ha solid >10t/ha solid > 5t/ha liquid cattle dung applied at 10t/ha had the highest Zn. The rate of increase of Zn as affected by 
cattle dung and NPK fertilizer are: 10t/ha liquid > 5t/ha liquid > 10t/ha solid > 5t/ha solid > 400kg/ha solid >400kg/ha liquid.  
400kg/ha liquid NPK had the highest Mn. The rate of increase as affected by cattle manure and NPK fertilizer are: 400kgha-1 solid > 
10tha-1liquid >400kgha-1 liquid > 5tha-1 solid > 5tha-1 liquid >10tha-1 solid. 

 
Table 7: Effect of Different Methods of Fertilizer Application on Soil Micronutrients  and CEC 

________________________________________________________________ 

Treatment Fe Cu Zn Mn CEC 
_________________________________________________________________ 

Control 36.38b 2.57a 1.65c 6.12d 7.78a 
400kg/ha solid NPK 39.47a 2.53a 1.90b 9.74a 6.55a 
5t/ha solid cattle dung 41.97a 2.83a 1.96b 6.25a 7.48a 
10t/ha solid cattle dung 24.57c 2.47a 2.09ab 4.32d 4.45ab 
5t/ha liquid cattle dung 25.47c 2.13a 2.12a 5.58b 6.75a 
10t/ha liquid cattle dung 45.33a 2.60a 2.34a 9.70a 6.69a 
400kg/ha liquid NPK 24.47c 2.80a 1.58bc 6.53b 3.95b 

_________________________________________________________________ 
 
Means with the same letters are not significantly different according to Duncan Multiple Range Test. 
 
Conclusion 
Pot experiment was conducted to compare the different methods of applying mineral and organic fertilizers on morphological 
characteristics of Amaranthus.  Growth and yield components of Amaranthus such as Stover, Plant Height, Number of Leaves, Leaf 
Area, Wet Root, Dry root, fresh Leaf, dry Leaf, Tissue Moisture Content and Root Moisture Content were studied. 
In the experiment, 5g/pot NPK 15:15:15 cattle dung solid, 25g/pot cattle dung mixed with 100ml of water, 50g/pot cattle dung mixed 
with 100ml of water, 5g/pot NPK 15:15;15 fertilizer dissolved in 100ml of water and a control were used as the treatments and 
replicated three times in a completely Randomized Design (CRD).All the treatments significantly increased growth and yield 
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components of Amaranthus. Fertilizer applied in solid form has the highest growth and yield of Amaranthus. This study showed that 
all the treatments significantly increased growth and yield of Amaranthus but where NPK 15:15:15 fertilizer is not readily available, 
10t/ha cattle dung could be used. 
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